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EDITOR'S PREFACE# • 


Rafid changes have been tjiking place during tlie last few 
3JCar8 in the organization of 'l^^ehiueal Kftueatioii in KveiAig 
ISchools. • "the abolition by the lioard of Education of 
examinations in certain subjects and of the elenienlary 
examinations in all subjects, the eiu ouragenieiit of internal 
tesjs injieu ofr external examinations, the inci eased attention 
that is being paid to the formation of grouj) courses instead 
of the old courses in single siibject*^, while in many resjiects 
giving greater fn'cdom to l)oth ti'.uheis and oiljanlzers, have 
thrown on them increased lesponsibilities. and pivsented then! 
with new problems for solution In aiianging. therefore, for 
a new jjeries Xf text books better adapted in some measure 
•to the existing eireumstances it was thought desirable to 
provide an Introductory Volume on orgamzatioiuand teaching 
in the* Evening Technical School Mr (’. Hamilton, whose 
7lrti(4c8 on the Teaching of Practical Mathematics, Science 
and Drawing in the Practical Teacher during 1!K)9-10 will be 
known to sdhie af our readers, was so good as to undertake 
this volume. He has discussed therein the work to be effected 
b^ftthe Teohnical School, its internal organization, the arrange- 
m*ent ^f^ourses of instruction, and the function of examina- 
' tions. • He has here dealt with the general principles of 
teaching, and, taking a few of the principal subjects, has 
conaidefed in some detail tl^^ particular methods to be^ 
adopted, ^r Hamilton possesses a very wide experience of 
Technical ^hools and expresses hift views with vigour and 



vi 


EDITORS PREFACE 


inoidity: it k to be hope(^ therefore, \hat teachetB^a^ 
organizers will find the volame both halpful and stimnla'ftDi^. • 
,ln the arrangements for thtf text-books of the^seriea 
special attention has been paid to the requirements *of the 
course system. Thus, for the First Year Course “for Building 
Trades students, three volumes are provided bn* Building Con- 
^ruction, Geometry of Building Construction, and^the 
Science of Building and Building Materials respectitely. •For 
the First Year (burse for engineers there are similarly three 
vohimes of Machined Construction, Practical Mathematics, an^ 
Applied Mcchanic.s, and arrangements will bo mad^ (pr grohps 
of text-books similarly adapted to the requirements df indents 
iti other trades. It i.s hoped that the series may do sdhie- 
\hing to assist teachers in the reorgai\ization of their cou^s 
in accordance with the present requirements of educational and 
industrial progress. 


G. UDNY YULE. 



AUTHOR’S PREFACR 


It seems to bo the fate of Evening Twhiiical Schools to suffer 
a«violent og-taclysm every ten of twelve years. The Technical 
Instruction Act of 1890 did much towards the provision* 
of buildings and equipment , and the £<lucation Act of 1902 
made Continuation Schools available for the first time os^ 
centres of prelifninary training. Tlmiughout the first period 
systematic and progressive courses of instruction wore talked 
about, and about 1901 a few were established. The second 
period has witnessed an enormous growth (»f systematic 
instruction and of laboratory provision. 

Within the post year the examinations in the elementary 
stages of Hi'iencc siilijects, v^hich have been held without 
intermission for half a century, have been abolished, and 
the schools have entered ujion a period of wider 'freedom and 
heavier* responsibility. For some years the development of tlic 
dburae system and of an organization which would bring the 
sohools into closer touch wjth local requirements has been 
hampered 6y*the traditions of examinations and of text -books 
the scope and character of which were determined more by the 
examination syllabuses than by the needs and capacUy of the 
stdden|B.* The appearance of a new' series of text-books was 
nelt, theiefore, to offer a favourable opportunity to provide, 
more especially for the younger generation of technical 
teacheij^ a little volumj which, discusses briefly the chief 
problems tl^t have to be faced, and the best methods of 
aohing them. 
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The book in divided intck four parts. The first discusses 
the 'nature and purpose of Evening Technical Education ; *the • 
,8ocf)nd deals with Organization; and the third aftempts to 
present, in a 8iin})lc manner, a few of the gj^neral scientific 
principles which underlie sound methods of instrfletion. The 
fourth part consists of notes and iaiggestions* on the teaching. 
t)f some <lf Athe subjects commonly found* in the* l^wer 
section of Technical Schools. The last chapter advocates* the 
training of technical teachers, and is followed by a series of 
questions on method ♦ ^ 

During its preparation and in its passage through *the 
press the various chapters have been read and crfticlzed by 
^a number of c(>mi>etent authorities, including njost of* the 
writers of the earlier books in the series To tiiesc t^o author 
offers his gratitude and his apologies. He. has adopted with 

idcasuro as many as possible of the jiractical suggestions which 
were not in' conflict with his own c.'icperience or with, the 
eslablished^principles of inodcni psychology. 

C. HAMILTON. 

i 
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Ti;C!hNJCAL SCHOOL OR(iA]^lATION’ 

AND TEACHINO 

• 

CHAPTER I 

THE VEANINO OF TECHNICAL EDUCATION 

Technical Education, in the proper meaning of the term, is as « 
old ftnd older than learning itK(‘lf. From time imiyemorial man 
has fnanifested a desire to tram his offspring in IhM^o arts, 
which enable them to live and to get a living. As knowledge 
was accumulat^fl and liecaine ordered and svstematizwl the 
parent sp'arwl no piyns to hand dovn to the ( hildren the dearly- 
won lore of their ancestors. A knowledge of wood -craft, of agri- 
culture, of coiLstruction for protection from weather and defeneio 
(gainst enemies, and of other matters which determined man’s 
existence in those days, was religiously cominunicatod from 
father to sijn.^ Then, as mei» congregated into larger ^oups, 
as commerce arose out of primitive barter, as towns grew up, 
as human life became more complicated, the parent gave more 
anjT more time to the state and less to his family. But even 
in the Middle Ages, when training outside of the most primitive 
type wis undertaken, when the main interests of life were 
divided between War and the Cliase on one hand, and the Law, 
the Ghufeh, and Govemroeht on ^e other, the parent retained 
under his closest supervision the instnictioo of the boy in the 
manly arts, while he handed him over to the scholar for 
3 
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instiniotion in language and* philosophy. The 'purpose* pven 
he];e was obviously technical. As commerce gaiijed ground 

* and threatened the supremacy in ndmbers and poweBi*of the 
Law and the Church, the need for book learning became wide^, 
and the parent threw upon the scholar thetrssponsibility for 

^more and^more of youthful training. But the scholar lived 
in relative retirement ; he was in the bustle apd wh^I'l of 
industrial and eommercial progress, but not of it ; what he 
llarned to value most in life^was what men had thought and 
.done in the past, not what men were thinking w*d doii^*in 
his own day or would think and do in the fulpr^ Thus 
there arose a system of education remote from immQ^iftte 

• needs, availing itself but little of existing circumstances, and 
providing a pitifully insufficient training for the future. • 

While this training had met the apparent needs of the learned 
professions lyid politics (the traditional occupation of leisure), it 
, has dOlto but little to provide cither for the progressive cohduct 
or for the intelligent interpretation of the modern world. 

It is not intended to convey the impressioi^ that all schools 
should be technical schools, offering a parrow add highly 
specialized form of training. In earlier days the social struc- 
turo was simpler, the range of knowledge less, and future needs 
could be predicted with greater certainty than in otr time. 
There is now a great deal more of what may be termed comiuon 
horitagb, but tradition still hampers the establi^ment of a 
reasonable balance between the old and the new requirements. 

During the last few years some attempt has been made to 
deal with school pursuits from the standpoint of Wvironiilqpt, 
but progress towards a curriculum which shall «be upon 
an accurate estimate of the balance of studies in relation to 
environment is slow and uncertain. 

It has been admitted thht theecomplexity of modem life 
and the vast heritage of, common knowledge render it impossible 
to attempt any high degree dof specialization in the ordinary 
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elementary 0/ secondary school %iourse. Specific training for 
particular oocupations—industrial and professional — must there- 
fore obtained subsequently. Such special training, given • 
after a boy hasicft school and entered upon, or at least chosen, 
his career, is cajl^KTcchnical or Professional Education. 

• The full business of training for life is therefore divideil 
into^two stages, one general, and the other, ufuk'rfaken at a* 
later stbge, sjiecial. In both cases the real motive is training 
for the common service. Every parent probably might iij^t 
unf^ly be^accused of desiring* to do the best for his own 
son, but K claim based solely on individual gain could not 
receive public 8 U})i:|prt. 'Hie ashociation of many jiarents 
destroys tlie selfish individual motive, and merges each 
individual hotie ?»r desire into a communal interest and aim. 

The charactcri.stic of a national h>htcm of education then is 
the implied principle that the individual can only profit indirectly 
through service to the conimumU as a whole JnAustrjqs differ 
widely in the exkiit to which the men cngagwl in them require 
technical tramijig, and in the nature of th.it training. Many 
dojiend very largeh' upon the manual skill of the workman, 
and in these the method is to train craftsmen-- to give them 
a knowledge of the materials and procesws used irf their trade. 
At onoYuie — thirty or forty years ago— thi.s w’a.s held to be the 
fcM {ftid only function of Tecdinical Education, and it is supported 
even to-day^ by arguments why:h depend for their validj^y upon 
the necessity of afl apprenticeship system. But outside a few 
craftq, apprenticeship has fallen into desuetude. Certainly 
attempts are contiuyally being made to revive it, buf without 
much sudbess^ And the reason is not far to seek. So long 
an industry depended upon the individual skill of a large 
proportion of men engaged in it, the master found it necessary 
to trai^.the young people who same to him, and equally to 
protect himself by requiring them to serve him for a certain 
number 0! years. But the sifiall employer withji liinitqd number 
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/ • . 

)f men has been replaced hy the large eompahy employing 
lunclreda or thousands of workmen, machinery has been * 
ntfoduced which performs more quickly and economic^ly the 
A’ork of skilled craftsmen, and workshop processes have been 
10 subdivided that a boy can acquire sufjicient skill in a 
larrow groove in very short time! 

Side b/siflowith the decreased need for the training* ofcthe 
kvorkman, has arisen an increased need for the training df those 
kV^o supervise industrial occupations. The use of machinery and 
jf electrical power, the manipulation of large qu^tities |n*d 
weights of material, and the high pressure at which* industrial 
operations arc earned on, renders exact knowledge of machiiiery 
materials and processes a ftine qiid non to the foreman and 
manager. Moreover, the interdependence of* industries, . the 
prevention of A\aste, Ihc use of new materials and processes, 
demand a broad scientific knowledge as the vital force of almost 
any anj^ every mining or manufacturing concern. The extra- 
ordinary growth of scientific knowledge and its a})plication 
during the last twenty years has indee<l rendered a long and 
eomprehensivo university course an essential ([ualificntion for 
many industrial positions, but it has not decreased the need for 
seientitic and technical knowledge on the part of many who 
cannot hope for and do not require the wider training It is 
with this latter class in the main that the evening technical 
school Ideals. ^ 

It is only according to the natural order ^)f tilings that this 
demand for scientific training should over-reach itself. ^ The 
pendulun^ has swung too far. Under the^ stress of industrial 
competition the application of science to industry is limited by 
other considerations. The experimental method, requiring time^^ 
and courting failure as a prelude to success, is often faced with 
opposition from the conservative attitude corresponding with 
the old adage : A bird in the hand is worth two in the bush.” 
The scientific map has not oust^, aiid never will oCHt, experience 
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* • 

and Qrganizing ability combined «with a reasonable amount of 

* knowledge and commoif sense. Ninety per cent, of the suctoss 
of any industrial concetn 'depends ujM)n organizing ability,^ 
personality, bu^noss qualities, and other things which arc to bo 

acquired in no university and in no school other than that of 

• • 

.experience. 

'Hibrc is no doubt that Techiiic<d Education 41^11 k grades in* 
this* country is highly academic, and it is mainly this feature 
that leads many men to expres.s the opinion that the boy «ho 
1*^ entering industrial life ought ?o go from wheel to the univer- 
sity, and<heii nito the works. The whole argument in favour 
of this \iew rests upon a plea for continuity (d study. On the 
other side is a whole array of important con.siderations. First 
and forcpiost thb .schoolboy is too immature to grasp the broader 
problems involved m a university imlnstri.il course. Secondly, • 
the university teaching risinires to be interpreted in the light * 

o( (v<)nomic and industrial conditions. The pnffessor lives in 

•• 

the clouds— and rightlv so. 'I'hat is his place. No man e.iH 
inspire from a low level. Ihit the .student is unlikely to become 
a professor— it is at lea.st one hundred to one against such a 
contingency. On the other hand, he may have to take his 
share in managing a woiks with a small margin «of proiit, and 
ho oU^ht to be able to cxpie.ss the value of new’ materials, 

' ifiodihcations of design or proce.ss, in dividend. If Technical 
Education is to receive the recognition which it inujeratively 
demamls, it nftist come closer than ever to industrial 
conditions. 

• The only serious objection to the college course being dela\ cd 
until after a^period spent in the works, is the strain involved in 

* attending evening classes. To this argument some considera- 
tion must be given. But it should Iw borne in mind that the 
oLasse^^are only held dui^^ the. winter months when the nights^ 
are often qpld, w'et, and cheerless, *and that an extraordinary 
number of students successfully accomplish the t-ask. They 
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e}[hibit not only capacity, but also that perseverance which is 
so ^eat a factor of success in life. But whichever system is * 
,the* best may be regarded as immaterial to our purpoqjr. An 
overwhelming majority of the captains of industry have obtained^ 
and will continue to obtain, their training in Evemng Technical 
Schools, and wo must now pass 'to a consideration of the* 
‘work of thcM lUistitutions. ' 



CHAFrER II 


EVKNINO TECHNICAL SCHOOLS AND piEIR WOKE 

* ^ • ... • 

Evening classes bearing on industry owe their existence to 

two events. The tir|t was the establishment by the Prince 
Consort of the 8ciencc and Art Department after the Exhibition ^ 
of 1B51. .This Department condiietisl examinatioiiK, trained 
science toaclicrs, anti aided .science and ait classes. The other 
event wiw the e.stablihhment by the City Livery (^impanies 
of .the (’ity and (liiilds of London Institute * The^^classes 
conducted under the auspice.s of these bodies are so well ^ 
known, and their recent hi.Htory is so familiar to those who 
conduct •Evening Technical Schools as t»> rtTider further 
rOfcronce to them unnecessary. Before pa.ssing to a considera- 
tion of organization and teaching it will be suflichMit to deal 
briefly 'with two other movements of fundamental importance. 

•For more than thirty years the technical teacher has bew ailed 
the fact that the students w^o come to him for ins^uctioii 
are inadequately ^irepared to profit by his teaching. 1’he 
elementary school rarely provides a satisfactory foundation 
for 4cchnical study. Moreover, technical teaching, as distinct 
from elinlbntafy mathematics or geometry or physics, demands 
acquaintance with the environment of a workshop which the 
r^w schoolboy does not possess, and it can rarely be conducted 
e.'f^tivqly with boys undgr sixteen years of age. But until . 
190V Technical Schools under the T^hnical Instruction Com- 
puttees were unable to obtahi grants u}K)n sul^ects outside the 
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Directory of the iScicncc iiiul Art Department, and Continuation 
»SchoolH, or Night Schools, as they were* called, were under the* 
School Boards. These two bodies were mutually dis^fustful, 
and co-operation was conspicuous by its abserce. What was 
wanted, and what could not bo obtained., w'as'some instruc- 
tion suitable for boys between fourteen and sixteen years 
of age, wBich •would provide a basis for subsequent tcichaical 
study. ' 

^ Meantime another problem arose in the Technical Schools. 
Students chose unsuitable .sunjects of study, an^l met with 
difficulties owing to the fact that many of these sftbjects are 
logically interdependent. All technical ^subjects pre-8Uj)poso 
some foundation of pure science, but the technical title 
appeals to the student, and the soundness ‘of tho teaching 
suffers from the luck of this scicntilic foundation. For a number 
of years the Science and Art Department — who paid on examina- 
tion regplts — would only pay grant on two succe.S8es in science 
in addition to mathematics and geometry. The regulation 
of the Science and Art Department did ^ not, however, 
secure that a student took mathematics or any other e.ssentiul 
subject. 

The (‘itv'und CUiilds of the London ln.‘<titutc was faced with a 
similar iiroblem. The necessity of a scientific or artistic^lDasis to 
trade subjects was recognized in their regulations, and a stwdtnt 
who h^d passed a technological examination in the honours 
grade could not obtain a full technological Certificate unless he 
had also jiassed the examinations in certain subjects of science 
or art frqm a given list. The result was thjit the student passed 
the technological examination first, and then cas( abdU^ for*the 
easiest science or art subjects required for the full qualificatiofl.*' 
To remedy this the City and Guilds of London Institute estab- 
lished a preliminary grade ta certaq^ subjects, a pass.j^ which 
was required before the* ordinary grade was attempted. The 
plan W’as^effecti^e over a limited field. 
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'{he need for a curriculum co^ring the whole requirements 
*“ 0 ! a student, in whicfi the suhjwts are arranged in logical 
order, %as emphasized in*lhc I^eport of tho lloyal Commissfon 
«yi Technical Education of 1882-4, and in the late nineties many 
Technical iSchool;j printed courses of study in combinations 
of subjects in Jtheir prospectuses. There was, however, but 
littl© compulsion to take these courses. 

The* passing of the Education Act <»f 11H>2, however, was 
the signal for the advent of a new poluj'. So long a.s "if' 
TicJ^nual ;^\d (kmtinuation Schools were under different 
controllini^^ bodies, the Technical Schools could not be siirt^* 
that^[)reparatory training of the nght sort was provided in 
the Continuation Schools, or that students would be cncourage<l ^ 
to [lass forward *from the lower to tin* higher schools, rntil 
they could be assured on these points the\ were reluctant to 
e.\clude students who came to them inadequately prejwred. 
Hut •when both sets of sdufols came und<T th*e sa]ye local 
Jiuthority the two prolilems-- the e.xternal ami tfie internal* 
—were attacked with energ\ ami success 

In the tirst place, there was established in the Continuation 
Schools what is known as the Prelimmars Technical or Industrial 
Course. 'Ihis consists of English. Elementary Mathematics, 
Tcchm\al Drawing, and either Science (fr Woodwork. Atteml- 
IS required as a rule for three nights a week for two years, 
but a snnjirt elementary schoolboy is frequently alj^iwed to 
enter the second-y^ar course direct. Tins scheme has reached its 
highest development in the north of England. In Liincashirc 
and Cheshire it ow’^.s its success largely to the iiitlueyce of the 
IjancaAfte aij I Cheshire Union of Institutes, which established 
course Examinations in place of those formerly held in single 
subjects. In the West Riding of Y orkshire the County Education 
Authority conducts its oyn examinations. Some idea of the » 
progress made can be obtained from ike statement that in March 
1911 the number of students taking the Pre|jminar>; Technical 
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Course Examination of the Union of Lancashire and Cheshire 
Institutes was 0,308, as compared with 7,851 in 1910. ‘ 

. *In view of tile large number who .are receiving preliminary 
technical training, some disappointment may bet^elt at the sma^l 
number who reach the Technical School by this avenue. But 
it must bo remem bored that the CoAtinuation Sqhool has to pro- 
' vide for mfiny who cannot hope to profit by technical instruction. 
The tendency of industry is to demand a higher standard from 
f(»wer men, and the boys are quick to recognize their limita- 
tions. The real value of the "innovation, however^ lies in the 
fact that the existence of the preliminary course cAables the 
Technical School to insist on a standard of admission. From 

• f 

, en(j[uirio8 which have been made it appears that it^is usual for 
this standard to be maintained in respect of all students under 
sixteen. Students over that age are usually diffident about 
attending Contiimation Schools with younger students, and for 
them iftany Technical Schools have a modified preliminary 
’course to which students under sixteen are not admitted. 

The second problem, which has come within measurable 
distance of solution since 1902, is the rejilaceincnt of single 
subjects by progressive courses of instruction in groups of 
scientific and technical subjects. Schemes of study covering 
three evenings a week are now arranged in most Tj^hnical 
•Schools. Each scheme assumes a knowledge of the Prclimltutly 
Technical Cour.so, and securesga broad comprehensive training 
bearing upon some occupation which provides a sufficient 
number of students to justify the establishment of, the 
Course. . 

• • , 

Notwithstanding the progress which has been, madb^during 

the last ten years, there is still much misconception as* to the 
meaning of the term Course. The course system is a mode of 
I organization of a school to enable jt to meet the industrial 
needs of the area it serves in the most efficient and economical 
way. It ^ not Resigned to m^t the technical or professional 
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reqiytementg of any individual, t>ut those of a group of indi- 
* viduals ; i|i would be manifestly impossible for many sohoofi to 
arrangteourses for each of 4ihe enormous variety of interests which , 
^ist in the neighbourhood. There must always be a number of 
students unproyided for in the scheme, and each case has to 
be met so far as,the organization of the school will allow. Some 
congassion ^Iways has to be made to adults. Hlw Aan of full * 
age has frequently had inade([uate preliminary training ; he is 
liable also to certain civic responsibilities, to the exigencies gf 
pflrtnthood^ to the cares and dhtios of a liouseholder, and to 
more stridgent industrial or professional ties, than the younger* 
man^ And if he pannot attend the whole course, it is 
usual to •relax the regulations as to admission and^ 
attendance in his case. Rut neither the isolated student nor 
the adult affect the course system as a system of school 
organization. * 

• This system has an important effect upon the scojip of the 
so-called 8ubjcct.s of instruction. For many years Ihc science* 
classes were dependent upon examination results for their 
existence. FIven after the Government grant ceased to depend 
upon the results of the examinations, the latter continued 
to exert a dominating influence on the ^ork of the 
schoolsr-an influence which was re-inforced by the fact that 
prSJlically every text-book was written upon the examina- 
tion syllalgis^. The obstacles which stood in the wt^y of the 
course system maj" be gauged by a consideration of engineering 
subjects. Classes which may lie regarded as bearing directly 
the work o{ the engineer were held in Mathematics, 
PractidaT Mathematics, Practical Plane and Solid Geometry, 
Machine Construction and Drawing, Theoretical Mechanics (solids 
and fluids), Applied Mechanics, Heat Engines, and Mechanical 
Enginaering under the (Jty and Guilds of London Institute. • 
The selectien of subjects to form a suitable course which 
would include appropriate laboratory instruction a matter 
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niefely because of differences of opinion as to the relative* 
value of different subjects. If 'th© examination syllabuses 
were follo^^cd something of relatively small viji'ue was sure 
be included, and something of relatively greater value excluded. 

The precise way in which this* has been overcome will b© 
discussed tn elW-rt U , but the fundamental principle ihvoJved 
may lie stated here. One of the disadvantages of th'c single 
s^ibject system was that the weekly lessons permitted six days 
for forgetting what! hud licen*’ learnt. Where home-work , was 
‘done this ma.vnuum was reduced to live. The fullest ‘advantage 
of the course is only secured when it constitutes a whole , when 
the teaching is continuous— not from Monday to Monday, 
Tuesday to Tuesday, and Thur.sday to I’hu'rsday, .but from 
Monday to 'luesday to Thursday. This ideal can be apjiroachcd 
most nearly in the Preliminary Technical Course ; for with the 
exception of English all the hubjccts can be blended into a single 
'unit in thb first year, and into two units in the second year. 
But beyond the Preliminary Technical (’ourso difficulties arise, 
and the course resolves itself as a rule into three parallel .series of 
losaons, one on each evening, which permit of ready and natural 
correlation. 'Quite apart from details, however, it will bo clear 
that the old single .subject s\ stem and the course systeijf are in 
opposition— at any rate, in the earlier stages of the work.'**As 
the stuilcnt progre.s.ses it becomes imperative for him to con- 
centrate upon narrower hiie.s, and it is tfie necessity for a 
broad basis in tlie earlier years that often leads to the copflict 
of studies. 

It has been stated, and the .statement will b^ar rtlpfetition, 
that the course system is a system of school organization, ancT 
that it enables the Technical School to meet the industrial needs 
, of an area. A good deal is implied ^ this definition. * 

In the first place it ‘aasuraes that the Technical School 
authorities have an exact* knowledge of the nature of the prin- 
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oipal local industries, of the numl)er of men engaged, of the 
^various grades of einploj^et^s, of the work w'hich each gradfc is 
require^ to do, of the land of instruction which will enable 
tj^o men to can%r out that M ork most effectively. Moreover, it 
assumes that the^ necessity for technical training is recognized 
by the employer no less thaif ])v the public which from national 
and4oc^il sources provides the money for the est^UisHment and • 
maintenance of Technical Schools. This recognition carries with it 
the obligation to provide facilities for young men training for tl^ 
cofnjnoii seiij'ice. It must he aOtnitted thaT the spectacle of a 
great najibn jiroviding a system of T(H‘hnical Kducation, and the* 
erajiloyers of that nation prcsi'iiting sucli obhtiu5lcH as to render 
the system Wasteful and menicicnt, is too truly Cilhcrtian to 1)0 
contemplated ^M1h equanimitN. 

Every year sees a greater readiness on the p.irt of emiiloyers 
to give not only facilities hut dirwt encouragement. Perhaps ' 
>h« payment of fees hv employers does mil increase ver^^ much, 
hut then tlicie are good reasons for not desiring aiT extension* 
of this plan ^ student ^^ho gets a thing too cheaply places a 
low valub upon it, and the too higlil> suhsjdued hoy is apt to 
think he is conferring a henefit upon the community in general 
and the teacher in particular hy his attendance. ‘An increase 
in wag^ to Niicces.sful students is aluays a heavy spur, and*it 
isTTIbro than that valuahle as indicating that the employer is 
able to put^a price upon the training. 

iStill, in spite o? all this there is a feeling ahroad that unless 
the hours of labour are lelaxed the emplo\er is grasping an 
advantage for himself and for the community hy encroai'hing 
upon tfL(? scanty leisure of the growing hoy. If one man in a 
Rusine* can give greater and more efficient service to the 
community by undergoing training it is manifestly unfair that 
he fihould work under conations ,>vhich nearly approach slavery. • 
The situatioi here outlined is sometimes used as an argument 
against the tyranny of tfie course* system^ wiih^ its rigid 
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requirement of three nights ilttendance and homework. B^t as 
a matter of fact the relation of the course system or any othe/ 
system of Technical Education with the question it purely 
accidental. The long hours of labour are de^imental to t];Le 
boy whether the extra six are spent in the Technical School 
or in recreation. The feeling 'which is aroused by the 
roquiroin Alt** that a youth should spend six hours a we^k in 
the Technical Schools after fifty-four hours in the factory or 
yvorkshop ought to operate almost as strongly against long 
hours at all. • 

Unfortunately a considerable number of people iiAagine that 
the strain of an Evening Technical School course can be 
relieved in another way. It is suggested that as^three nights 
attendance and homework impose a serious burden- upon the 
average student, the number of nights should bo reduced to 
two. This plea comes principally from those who can have 
had little expcrience—and certainly can have little conceptioa— 

* of the difiiculty of arranging an educational course requiring an 
attendance of only two evenings a week du^'ing the winter 
months which shall achieve an educational result <^orthy of 
public expenditure. They do not appear to realise that three 
ipghts a w(^k attendance — nay more — and homework was 
undertaken by huiulreds of students before the coursq^system 
ever saw the light, and they do not take into accourfiT the 
fact th4 the industries of this^country, which aje as highly 
developed as in any country in the world,* are carried on in 
the main by men who have passed successfully through the 
strain of Evening School attendance ? Apd what is, in efi^t, 
the alternative 1 If the course is reduced fronj thAtf to two 
nights, the instruction in laboratory work, drawing, an^ 
mathematics will have to be curtailed. Out in the world 
* the personal qualities of the man^capable of attending, and 
willing to attend, for three nights a week are bound to tell, 
and the propose^ would render hid training less effective than 
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it m^ht have been. Can it be seriously contended that this 
littempt at ^the national*endowinent of mediocrity would ylbkl 
beuefici%l results 1 • * * 

^ But this question of encroachment upon leisure is not a 
problem peculiar J;o> the Technical School. If his work is so 
hard and the hours so long that a boy cannot take advantage 
of the livening Technical School, then all ojiport^mtils for the 
intellecthal enjoyment of leisure arc impaired. If this charge 
against employers on behalf of the K veiling Technical Schoo^ 
can J)o sust^ned, it becomes m(!l*g(Hl in the more serious one 
of purchosftig the youth of the nation body and soul for a few ' 
shillings a week. Pqshcd to it.s logical conclusion, it means 
that the bow enters the works in the morning and is cast out 
in the evening capable of nothing but recuperating for the 
next day's toil 

There is no doubt Unit the employer who desires to give 
faciliUcH and encouragement is hedgisl round witli ililli^ulties, 
and he cannot move unless his competitors .*re* prepared * 
to move with^him. 'Fhat is wh> favourable opinions on 
the platftirm are ^su seldom rcali/.e<l in pr.i<‘tiee (*onsc* 
<iuently there is a growing body of jmlilie ojmuon in favour (d 
legislation which shall limit the hours of jmenile labour, and 
remove piany abuses which are distinct from the handicap in 
TedRRioal Education. Quite apart, therefore, from educational 
considerations, there are good reasons for the Tt*ehnical jSehooIs 
maintaimng tfieu* Ircquirements of three nights a wwk and 
homework. Any weakening on this point mercK plays into tlie 
hand of the unsympathetic employer, and delays the growth 
of that*publi(i opinion which will, sooner or later, demand 
proper leisure for the youth of the nation. 

But if this attitude is to be maintained the schools must 
see to it that their own methods .arc without reproach. They • 
must show thiit their teaching is <lirectc<l to the satisfaction of 
industrial needs, and that if is ^oiioinical of June, oj money, 
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and of personal effort. They must be prepared to /eject 
sotemea which are justified merely ty tradition,^ to embarS 
boldly upon any re-organization which may appear necessary, 
and to kec]) themselves abreast of the needanof a progressive 
community. 



PART II 

()1u;ani/ati()x\ 




('HAFrKR III 

Tllli HEADMASTKR, THK STUDENTS, \Nt) THE STAFF 

The r(nir‘sC^s\<toni has iuMimI f^)iisi(l(Tahl\* t(» tho importanco 
an<l resj)(Risihilitv of the lieadinaster. Konnerly In’s main * 
puiprwe was to advise intending .studentH as to the work they 
shoulS undertake, and, in the ahsenee of stringent regulations, 
this ii'as often a thankless task. But when he had e.xhausted all 
the arts of jwrsuasion his funetion was almost fullilled. His stafF 
were more or le.ss isolat('<l units, eaeh responsililc for the work 
which appeared under his name in the time table, and usually 
indifferent to the work of any or every other teacher in the school. ' 

The first additional task thrown upon the headmaster was 
that of pr(‘pariiig a time-table which would permit certain 
groups of students to attend .suitably sek’cted classes on three 
nights a wwk. It was not possible all at once ^o introiluco 
properf\’ co-ordinated coursers, for in that case some teachers 
mightr have had to be discharged and others appointed. Most 
t-echnical teachers are sjiecialistR , they are less adaptable than 
elementary or* secoTidary school teachers, and oeeasionally they 
have, vested interests and long serWee behind them. The 
revision of syllabuses is therefore often a matter of difficulty. 
Bui unMis a^d until the course is regarded as the unit of 
* (flganization, there can be nothing but an unsatisfactory 
compromise. The unit is the course, the only possible sub- 
division is an evening’s w(|^k, and a mere grouping of subjects 
satisfies neit|)ier educational requirements nor the demands 
of administrative simplicity. 
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The nesrt duty which tho'headmaster has to face is that of 
persuading the students to take courses. Here again the single* 
Rulbjeot organization stood in the w^y. Most student^have a 
vague notion of what they want, and they tiaturally prefpr 
subjects with a trade title. But if an engipeering course, for 
example, is advertised as a whole, with engineepng calculations 
on one et'eifing, engineering drawing on a second, and*e»peri- 
mcntal engineering on a third, the student has a* smaller 
\flement of choice. For an engineering course should not con- 
sist of separate and indepenclent classes in Practical Mathe- 
matics, Geometry, Drawing, Mechanics, and Heat Eli^ines, but 
a well-organized teaching scheme including all that Is necessary 
of these subjects for the students who attend. » 

It is usual to charge a low fee for a course of instruction, 
and this is only a small proportion of the total cost. This low 
foe is justihed because a .student who takes the course is assisting 
the schpol to perform its work in the most efficient and economical 
way. A student who should but does not take a course not 
only causes the loss of a certain amount of grapt— upon which 
the school authorities counted in fixing the^ fee— but he lowers 
the efficiency of a public institution maintained largely by public 
funds. If he is prepared to jiay his share of the cost of main- 
tenance — that is, the average cost of the school per stuejent — ho 
may be allowed to select his own course of study, btffnot 
otherwi^. The reputation of the school and the best interests 
of Technical Education demand that the m?n turned out shall 
have profited to the full by the training which the ^hool 
provides^ Some cases there always wil^ be in which it is 
advisable to make concessions, but there is not muf h to'bte gained 
by giving way too freely to the private wishes of individuals.* * 
This question of admission is closely connected with that of 
subsequent attendance at the full gourse. The usual plan in 
case of non-attendance is to send post-cards or (yrcular letters 
to studenj^^s who Jiave been absent twice in succession. In some 
22 
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oaaeB a graduated series of warnipgs— the later ones hinting 
more* or less definitely. &t serious consequences — are issued. 
Sometin^es ‘this “ post-carding is delegated to the teaohers, 
and the amount of the pressure varies considerably in con- 
sequence. It *hhoul(jl be done in all cases by or under the 
supervision of the headinaste.*. A further plan, which should, 
howevei, be regarded as supplementary and uqpSioial, is for 
teachers t to write to, or to make personal calls at the homes 
of their students. This relation between teachers and students^ 
is yot to be^ discouraged, but it ‘does not, ^of course, obviate 
the necessity foi' administrative machinery. 

But a great deal of this work in connection with defaulters is 
rathe/ profitless. The real business of the headmaster and the 
staff js with the Students who attend, and not with those who 
do not attend. If a student cannot, or will not, attend with 
fair regularity to all the classes ho has joined, the school is better 
withqpt him. Such a student is a bad example to others of un- 
stable will, a perpetual source of annoyance to the teacher, and • 
an unnecessary expense to the authority. In bict, if the grant 
did not depend upon attendance, and if the success of a school 
were not measured* so frequently by numbers on the roll, far 
less trouble would be taken over absentees. • 

Moreover, a system of “post-carding” is in itsedf only effective 
withiu a limited range. Post-cards and letters make no impres- 
sion upon some students, except in the few cases in which the 
parent who dSsiresihis boy to Attend school receives one. Even 
then the school secures the unwilUng attendance of a somewhat 
unsatisfactory student. A good many schools recognize the 
silfiatiofw and expel students who break their obligations for 
• ifnsatistjictory reasons, and some require a deposit in addition 
to the fee from those who have been unsatisfactory in a previous 
year. Whatever means are adopted it is certain that attend- 
ance and homework {vide infra) givb more trouble than any 
other aspect of the work the presefit time. 
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Before proceeding to consider the arrangement of courses 
of instruction, it will be desirable to ‘discuss the staff. It is* 
in* the constitution and managemcAtpf the staff of an^vening 
technical school that the most important probV^ms of all arii^e. 

[n some schools not even the headmaster ia enipfoyed full-time. 
Truly, Technical Kdiication is the Cinderella of the educational 
world— assjKne-time job for students, teachers, anb /ocal 
{•(lucational authorities, carried on under difficult conditions by 
few enthusiasts when the rest of mankind is at leisure. 
First as to personnel. Tlft*re is much to be .^aid for^and 
against the full-time teacher. On the one hand he soon 
becomes by practice an expericneed teacher. He has only one 
source of income— that is, income earned as a teacher — and 
his eare(*r develops a singleness of ])urpo.‘?b that, promotes 
professional zeal. On the other hand, he is liable to get into 
a groove ; the ab.sence of any connection with industrial 
operations, aVd the everyday life of the factory and worlwhpp, 
•load him *to take an academic view' of Technical Education. 

This defect is enhanced by the tendency for young men 
fresh from the university, who have only spent a limited time — 
and then in a subordinate position — in the works, to enter 
the teaching profession. Whatever may be good in the 
universities, the real need of the Technical Schools is twhnical 
teaching having the most direct bearing on the everyday 
conduct^of a business. The school must not lag behind, but 
must keep well abreast of modern practice.* * 

Part-time teachers, on the other hand, are liable to guffer 
from the effect of divided interests. Thc;^ rarely teach more 
than two evenings a week ; they are more or lesj visildrs, and 
are not actuated to the same extent by professional zeal, and * 
unless they are born teachers, they are liable to initial errors of 
, method, which remain with them to tjie end of their days. On 
the other hand, they are in touch with modem prac^ce, and they 
often treaj their subjects >vith delightful freshness and vigour. 
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There ih still a third class* of teacher, who, while not 

• strictly technical, is still an inevitable member of the staff. 
The l^elimiiiary Technical Course and Practical Mathematics 
lye largely taught by elementary and secondary school- 
masters. In tne Preliminary Technical Course those teachers 
labour under .two disadvantages. Firstly, they are only 
8ligl|tly acquainted with the work for which tHeff ^baching is 
a jirepairation. The (‘ontinuation and Technical Schools are 
co-ordinated, but frequently only in I;he education office and iJ 
tbe pnispe^tus. All details of 'the syllabus arc not of equal 
importanf^, and owing to want of exact knowledge of w'hat is 
to follow, the teaching may lack iierspectivc. Secondly, a dis- 
advantage (tmimon both to the preliminary courHc teachers and 
to tiochejs, c.f/.,*of Practical MatheinaticH, is want of acejuaint- 
ance with the daily occujiations and technical needs of the 
students. This is apparent in the choice of examples and 
illustrations, and generally in the intcri>retation of the i\j’llabus. 

On the other hand, this type of teacher is often trained 
and invariably, e.xpenenced. It is spare-time work, but still 
so far sfmilar to Jus e\er\day work that his daily practice 
helps his evening school work, and nrr r<mi 

All this criticism is intended to develop one jioint — that 
it wou^ljl be dangerous to insist on delinito types of teachers 
trainM in a particular way for all kinds of technical school 
work. It 1 .^ certain that the ^iresence or absc*nce of Igjow’lcdge 
or training is scc(?ndary to the personal qualities of the men 
thenvielves. In the face of any criticism that coukl be advanced 
it must be admitted that under cover of night, when myst people 
are enjfifing their leisure, work of the highest value, involving 

* extraordinary self-sacrifice, is being carried on by men of widely 
different training and experience. 

The most that can be^said is that with younger students, ' 
in the earliei^ years, or w’hen breaking^ new ground, the profes- 
sional teacher is the safest f but for older stq^ients, in strictly 
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technical Hubjects, Houiid ivactical experience is a dine 
qud non. * » 

. 'To proceed now to organization. * will be obvious tlyit this 
is easier in a school of moderate size than in a hirge one. The 
headmaster can keep in close touch with students and teacher^}. 
Ho can enter into the special problems which continually arise, 
in each coArs^p. ® He can keep in touch with preparatory tf/ei)ing 
schools and with cmjiloyers, and he holds the future of Technical 
llMucation in the district in the hollow’ of his hand. 

But in a large school it ih necessary to delegate powejp. 

A somewhat rigid machinery for securing regular attendance 
is worked from the oftice, and the teachers are grouped under 
^ heads of departments. The departmental system: introduces 
a peculiar difliciilty into a course organization, mainly o)ving 
to a cross-classification which has grown up. Thus there may 
be departments of Mathematics, Physics, Chemistry, Engineer- 
ing, Electrical Engineering, and Jiuilding. Apart from a gmjill 
group of students in pure Science who may require instruction 
in the departments of Mathematics, Physics, C’hemistry, these 
departments control teaching w'liich belongs to othei* courses. 

If each department were self-contained it w ould bo necessary to 
duplicate laboratories and equipment, and this is an impossibility. 
Under the circumstances the course system loses itsessentiA unity 
and app<M\rs merely as a group of subjects arranged with*80me 
approac|j to logical order. This difficulty has been recognized, 
and in some cases departments arrange sol^con^ined courses, 
with the frequent result that something essential is left oyt. 

Thus f, sc'lf -contained building course includes graphic statics 
but no experimental work, because that belongs t(t*anotl!er 
department. There is no need to give other examples ; eadh * 
one can find some within his own experience. 

« The fact is that a departmental (ypganization is only suitable 
for the advanced work in a large school, but {or this it is 
essential.. It capnot provide the most effective course system 
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for the earlier years, when closely adherent and broad schemes 
of study are most desirable. 

The^chMacter of the (jourse system imposes a new element 
o{ responsibility upon the staff. If the course and not the 
single subject* is the unit, the individual teacher is not an 
independent ag^nt, but a co-operator with limited rights of 
his own and definite responsibilities to his coMeAgtffes. It is 
each teifoher’s business to avoid overlapping the work of others 
ongjigcd in the course, and to utilize their work to the fullesH 
extent. M(^t of the advantage?! of the course system in the 
early sta^s arc lost if the teachers are not generally familiar 
with the whole instruction which their students are receiving, and 
prepared to conduct their own teaching in accordance with it. 

The pijoper relation hetv^een the constituents is most easily 
attained in the Preliminary IVchnical Course, in which it is 
usual for one teacher to take the ^holc of the work in the first 
yc^r.* Some local education authorities. ho>^e\cr, hav^ a rule 
that none of their teachers shall undertake work on fnoro than 
two evenings week, and the most satisfactory arrangement is 
then impossible. In the second year’s course again it is usual to 
find one teacher engaged on at least tw'o evenings. Put in the 
first and second year’s work at the Technical School the course 
is frequently in the hands of three teachers. At this stage 
the student is commencing unfamiliar work, and he needs 
every advantage that skilful teaching can give hiqj. It is 
therefore of ftie iftmost importance that the teachers should 
not qply draw up their schemes in considerable detail, but that 
they should also keep in touch with one another tlyroughout 
the* ses^On. Jliis is a task which will engage the tact and 
* discretion of the headmaster to the fullest extent. 

It is strange that there should be such antagonism between 
scientific and technical ^teachers. Each tends to regard • 
the other as ^he most profound ignoramus on every point that 
really matters. Yet co-ofteration between ^them ji®® been 
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found to be eflisilv possililc, <iiid it is <i nine Qiui non if the course 
system is to be more than a mere name. ^ • 

‘Apart from the (luestion of correjation the co-operfFtion of 
toachens is rendered neecssary in order to economize the home- 
work. The exact function of homework wiK be dwcussed in the 
chapter on “Tlie Minor Details of Te'aching." It will be sufficient 
to point ‘here the need for its regulation and ^oii^-rol. 

If each teacher sets homework how, when, and in what Quantity 
ftc likes, the results will be uneven. Students invariably express 
a penchant for one subjc( 5 t or Vor one teacher, and /.his tci^cher 
gets the major portion of the W'ork. It is the helidmaRter’s 
duty to decide, after consultation with th^ teachers concerned, 
upon the amount of homework to be done })er \»cek in each 
constituent jiart of the course. 'Hie total aniount as usually 
sueh as would re<iuirc about two and a half to three hours, and 
which therefore can bo done on one evening in the week. This 
include^ as a* rule written answers, calculations, and drawing, 

It is nbt always desirable to set homework in each subject of 
the course every week. ^Phe ehange from one to another of three 
subjects during an evening involves eonsiderajilc strain . When a 
student has done three or four questions in practical mathe- 
matics, It 18 ‘easier for him to do half a dozen more than to do 
an equivalent amount of work m a new .subject. It is a pommon 
error to disregard the effect of abrupt jerks upon the mental 
proee 8 .scjf, and to speak glibly of the refreshing mffuence of 
ehange. But once the mind has .started witrking in a certain 
direction it is less tiring to continue than to change that direction. 
So, as a general rule, homework in not mofc than two subjects 
should be set per week This can bo accomplished bylifranging 
a rota at the beginning of the .session. If there are tlfree sets * 
of homework, one may bo set w'eekly and the others fortnightly 
• in turn. • 

It is frequently ^ssible to set homework iij one subject 
that will serve tl\f purpose of two. Thu.s a question in Mechanics 
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frequently provides a test of uiathdinatical knowledge, but it does 
• not, of coufse, serve a double purpose in manipulative practiee. 
A refeAnoe to the coursesiset out in the next chapter will show 
luow homeworj^in one so-called subject serves almost for the 
course as a whglr. * In some cases where there is an obstinate 
tendency to shirk in one class, the homework for tlio course 
IS ^ ^or t^e week from the oflicc. One set fif^qSestions is 
given, and this serves the purpose of indicating to the student 
that the course, and not one evening’s work, is the unit. Th# 
disadvantage of this plan is that the exercises may be set so 
long bcfqrejjiand that they have only a vague connection with 
the system of teachwig* 

, Two oth^r methods are found. One i.s to set homework in i 
each’subjoct every three weeks in turn It is eminently unsatis- 
factory, The other is to ha\e till the homework .sheets jirepared 
at the beginning of the session I’hese an‘ graphed or printed, 
and arc used year after year. Tin* })lan is a ichc of a meghanical 
sy.stem of teaching common enough in the eighties, but now, 
fortunately, m^irly extinct. 

Whatever methods are adopted, the hcadm.istcr w ill jirobably 
meet with difficulties. It will encourage luiii, therefore, to 
know that in some schools practically every student dops 
homework. 

A*ncw difficulty peculiar to the course .s\ htem arises in con- 
nection with Jte promotion of students from year to year. In 
the old days, when the examination detcrminiHl the amount 
of grant there was less tendency to admit a student to a cla.ss 
in^Vhich he was u/ihkely to bo succewiful. When the grant 
came toTje assessed in another way a greater tendency arose 
to admit students to the second stage after a failure or lucky 
second class in the first stage. During both periods the prepon- 
derance of students taking^single subjects rendered the question * 
fairly easy o< solution in each particqlar ,case. But it is now' 
necessary to decide whether a student shall lie promoted not 
39 



TECHNICAL SCHOOL ORGANIZATION A^ TEACHING 

in one, but in three or four Subjects, and the problem be(^ome8 
complicated. 

' It iH ol)vi()us tliat few students make uniform 'j[)rogre88 
in, Hay, Mathematics, Drawing, and Laboratofy Work. Quiite 
apart from natural aptitude there is usually preference for one 
subject, which, therefore, commands and receives more than its 
Hhare of toc'^and thought to the disadvantage of the ot^iers. 
This fact makes it undesirable to allow promotion to* depend 
^'ipon an examination which affords too much scope for personal 
qualities and the clement of luck. As a test of»a student’s 
Htnoss to proceed to higher work it is incomplete and' uncertain, 
and it must bo supplemented by others which will compensate 
for its defects. 

It is becoming recognized that the whole work of the student 
at homo and in class should bo used to decide whether promotion 
IS justified. Marks are allocated for what a student does under the 
teacher’s eye, and for what he docs at home. These are added 
to the marks obtained at any examination for which ho may be 
required to enter, and the sum total determines his fate. The 
proportion of the maximum necessary to secure safe promotion 
depends obviously upon the standard of marking. With a 
reasonable severity fifty per cent, on the whole work is quite 
satisfactory. Rut in order to avoid this being reached mainly 
by excellence in one of the subjects, there should be a miniidum in 
each of ^lem. 'Phis is rather inOTe difficult to fix.^ Jit ought not 
to be much lower than that for the whole ‘course, or progress 
in the weak subject will be seriously hampered. 

The qhief difficulty arises in mathematiq?, in which students, 
equally good in other subjects, show a widely varying* dapacity. 
In some schools this is mot by arranging for several ^ges to 
meet on one evening so that the students can be graded without 
excessive complication of the time * table. This avoids the 
necessity of a clever mathematical student being kept back, and 
enables the w'caker ones to enter a class in which the pace is 

30 



thk headmaster, the students, and the staff 

• • • 

• 

not too rapid for them. Obviodsly care has to be taken that 
* v\ ory student is obtaining at least that mathematical knowledge 
and pActice which is ne<;eskry fur adequate progress in otticr 
subjects of th^ course. A higher standard than this may bo 
desirable, but it ii ifot essential. 

• The charactei; of the examinations for determining promotion 
is f^ry important, and one to which not muclf ifttJntion has 
been piid. Their purpose is to ascertain whether the student 
possesses sufficient knowledge to undertake with advantage th# 
foUqwing year’s work. A wide* choice of questions is clearly 
undosirabfe^ for in that case a student may qualify and yet bo 
quite^incompetent iq regard to an es.sentiai process or dopart- 
^ inont of knowledge. In some cases it may bo desirable to make 
certain questions compulsory ; in others to arrange the jiaper 
in sections, and reepnre marks to be obtained m each section. 

There is no necessity in such an e.xannnation to set questions 
touiscertain whether ever) thing in the syllabus has beep done. 
Thus a tracing can be submitted in respect of each candidate, 
and this need^ot form jiart of the pajicr. In fow’ cases will 
it be desirable for ^indents to submit their note-books, because 
those will be taken into account m asse.s.smg the value of the 
student’s work during the session. 

t * 

The .proportion of marks to bo awardtsl for examination, 
laboratory work and drawing (which it is assumed are not 
subject to ^ssional examination), and homework is iiqportant. 
A scale which has considerable and influential support awards 
fifty 4)or cent, for the examination, twenty-five per cent, for 
la^ratory work and drawing, and twenty-live per cent, for 
homewd^k. Ip all cases some discretion may bo allowed, and 
* tCe border-line papers should be the subject of careful enquiry. 

The question of size of cla-sses raises one or two very 
important problems. If teacher is merely lecturing,” ho 
likes to have as large a number of students as possible, because 
large numbers taken at one time are stiiqulatiiq; to him 
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and apparently ceonoinieal to the uchoul. *But immediately 
ho begins to “ teach ” he linds that it is not possible for him* 
to get into close mental touch with, more than about/twenty 
students during a period of one or one and a hfch hours. Coj;i- * 
sequontly, when the number of entries exceeds jhirty the question 
of dividing the class has to be considered. It i;} these “ bordeu- 
linc ” cla^erf tRat give rise to the chief difticulty. Unfortiln^ely, 
classes of (ifteen or sixteen arc relatively expensive, and there is 
V tendency to jiut off the evil day of division as long as possible. 
The continued existence of a ‘large class reduces l^io eflie^eucy 
of instruction, and, as a corollary, the percentage of Uttendanee 
also. 

The most satisfactory plan is definitely to conlinv admission to 
each class to the twenty-live best qualifiotl and otherwise imost 
suitable candidates who iiresent themselves by a certain date 
early in the session. This is neither so severe nor so unjustifi- 
able a^ appears at first sight. It is (}Uite certain that sonq} of 
the students will leave by (’hristmas, and that the greater the 
comiictition to enter the class the keener wilj the successful 
ones become. It has always been the custom for laboratories 
to be recognized for a limited number of students working at 
qitie time, and there h.is never been any opposition to this 
restriction. Once it is recognized that the efficiency of the 
teaching in the classroom depends upon the number of students 
whose needs can be met mentally during a lesson period, the 
soundness of the method must be admittetv. 

When a class in laboratory work or drawing becomes tog large 
to bo effectively dealt with by one teacher, it^is a common practice 
to give the responsible teacher an assistant. The |^rge *stze of the 
chemical laboratories and drawing class rooms with whieh many * 
Technical {Schools are provided contributes to this practice. They 
wore construoted of such a size to pieet conditions which have 
since become obsolete, pr as a result of view's to extension 
which have uo>v no foundation in fivct. The modern require* 
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mentjj in Machine Construction ct>uld not lia\e been witisliwl 
*by the ins^uction of large niiinl)crs of students in one room 
under ^veral teachers, aijd it is now recognized that sound 
instruction in CJjl^niistrv involves such a close association lietwcen 
theoretical and jirvcfical work that in the earl\ stag(‘s one man 
must *je rchjioiii^ble for both. If a class is large enough to 
rc'iu^e tw 0 ^teachers, it is largi' enough to difi(fe.*uiul two 
teachers %ich responsible for a section are |)nHliicti\e of a higher 
standard of etticicncy than one with an assistant. 'Hie oiily^ 
ditWcylties ii* the way are maiiilv1iJstoric.il 'I’he c.stabhshment 
of .separate** cl isses is the cheajicst method in the long run. 

If yiis IS accej)tc(^in j)rinci|)le it may lx* w(‘ll to emjihasize 
, the relations* whieh should c.\ist bctwi'cn the two teachers. 
They Mn ay 'have e(|ual responsibility in tin* cour.sc. or one may 
be working under the general siiper\ision and direction of the 
other. It will be obvious that uiidiT both arrangcmciits the 
two»npcn nni.st be e(|iially aware of th(‘ work done by ^ill the 
students, and though tlieir work need not be aosolutely the 
same, the two schemes must be similar in s(ope and method. 

There mav be |iome hesitation in accepting the second 
arrangement as posHcs.sing much advantagi* ovm* that in which 
both teachers work in one room Ihit if a man is ever to lean^ 
to teach, he must be thrown iijion his own responsibility. 
Merely* a.ssisting another never develojis his own jiow’ers, and 
never gives Jiim that oiiportunity and scope w'hieh,aie so 
necessary for the altainment of skill in any art. 
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CHAPTER IV 

/ftllUNOEMKNT OF COURSES OF INSTRUCTION • 

_ In order to discuss adequately methods of teaching it will be 
nec(‘ssary to keeji clearly in view the course as a, whole. This 
chapter, tlicrcfore, deals with cour.Mes for the morv'J ambitious 
students in tlu‘ juinei})al industries Incidentally, fundamental 
principles which determine the scope and elnijacter of the 
constituent subjects are outlined The remarks in,('ha|to V. 
will explain why only the first and second years’ courses are 
given in detail. 

The Preliminary 'rechnieal (Vmrsc is usually taught in 
* Contiiiiiiftion Schools ; but as it is intended to prejiare for 
subsequent technical studies, it is included here It usually 
covers two j*ears. In sonu* towns the second-year work is done 
wholly in the ’rechnical School, and m the larger towns there 
is often a special PrelnninarN bourse for older students which 
occupic'^ one session The ordinaiy cour.se in the Confinuation 
Schools serves two jmrposi's lirstly, it provides a better founda- 
tion for technical studies than the eleineutary school affords, 
and, secondly, it keeps the boy fneiitally fit fintil lie is old enough 
to follow’ technical teaching. The last eonsideratum renders it 
undesirable that boys should bo pressed through the course in one 
year, as is occasionally done. There is a great temptatibn to 
hurry a good boy forward, but some acquaintance witlunatertalS 
and workshop processes is a valuable prelude to technical studies. 

The problem, then, is to provide a suitable course of instruc- 
tion for boys fresh from the elementary school yvho w’ill attend 
for thrqt' nights a week for two joars. The low’er work must 
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overlap the upiM‘r ohifw-'work of tKe oleniontarv sohool. IwciHiM* 

*of tljr oj«l\ au<' at wliu h nianv hoys leave school. ainl the 
vari(‘(l of attainment prc'^cnteil In them wlien • 

*a(]mitt(“<l to tilt course The subjects are 
. English. 

• j, Pr.w tieal ^fathelnatlcs 

Yftir Practical Drawing. 

7> With Elcmcntarv Scu'iicc or Wooilwort 

oj)l tonal 

Kngli.sh * 

•|*ractual Mathematics 
Si(nii>f}nn PiMctK’al Drawing 

^ Kl(‘fiicntar\ Science, or 

)Voo<h\ork. 

'riu' «lct uh of the vuhjrclv will hr dealt %Mth 'when di.seiissmg 
mctluxi m Pait III Here it will •'iilliec* to ohscr\<‘ that soim‘ e\- 
teni.d^(‘\ammmtr bodies hold ex.iminations m tin* Milfjects of both 
real's lint there is no obligation for .students to tak« tlie. ilrst- • 
\ear papers \ii I'vtirnal e\«iimnation m the lirst \ear has the 
etlect of lestruTmg tin* frc'cilom of the tcaehei m (h*\eloj)ing his 
subject and a schoifl evammation would m<‘et all re(jUirem(*nts 
It IS gmicTidU re(ommended that Praitical Mathematics 
and Dmwing should ix* taught in close association throughout 
'rills I'j a thoroiigliK sound proposal f(»r the first-\ear course, 
and for the '■(*cond-\i‘ar eour.sc* whc-re Woodwork is taken as an 
alternative* tT)*l’]leu¥ntarv Science When* the latter sfibject is 
included, however, it forms an ecjualK sati.sfac tory subject for 
nuiyerical treatment. 

•PracVcal Drawm'g in the first yenr is mainly Elementary 
•(Uometry, and the second-year .syllabus has a similar content, 
but it Ls sugge.sted that more attention should bo jmid at this 
stage to jirojeetion as a foundation for MiM’hine Drawing and 
Building (’onstniction. If file Preliminary Course w to jierforin 
its proper function it should. prepare tife gfound in such a wa} 
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that tho technical teacher Irf free to deal with construction, 

• • 

and has not to leach the eleinent.s ot projection. ^ * 

* The ((UCHtion as to whether Woodwork or Klenientary Science 
is taken is, in practice, a (piestion of laboratorv’^acconiniodatign.' 
For that reason, loo, the Hceond-yi'ar eoiirflc js frequently taken 
at the Technical School Kew eleinentarv scligols an* eipiipjiod 
with lal)^r<A(^i(‘H, hut in in.in\ cases adinirahle use is fntjjde of 
cookery rooms, and (‘xmi (d .in ordinar\ class room wifli hoards 
laid across the d(“sks W\ alt’s comhiiu'd ciijihoards and • 
benches form a usidiil siihstitTite for lalmratorv hoirj(>h(‘s, jvhere 
there is some a\ail.il)Ii‘ space round the walls of theVlass-room. 
(livi'ii that suitable accommod.ition can be fonml for Klementary 
Scii'iice, there an* se\(‘r.il reasons for reji.inlmj^ i^ as the more ^ 
suitalilo alternate e I’heri* is no mdiistrs*' lor which •some 
a('(|namtance with tin* el(‘m(‘nls ot Mirh. lines and l’h.\sics is 
not desirabli*, or, mdei'd, cssciiti.il Morisivi'r, the claim can 
be sn|)j)orteA from the point of view that e\er\ boy in any >\alk 
of life sluTiild know something of the physical world in which “ ho 
lives and mo\cs and h.is his being ” A defect of the other plan 
ia that the existence of a woikshop almost irn.inalily implies that 
manual instruction has been taught in the element.irv schools, 
and it is diTlicnlt to arr.inge a good technical woikshop course 
for 1)0} H who ha\e completed a course m manual insfrnetion, 
and whoso praetic.d experience is measured in month?i. 

Sometimes tho laboratory accommodation is such that a 
section only of the students e*ui do Eleufbntiiry Science ; in 
that case t.lio rest take Woodwork. This leads to the question 
of classification where there are more students (particularly in 
the second year) than can be taught in one class. The deter- 
mining factor is usually stiuidiurd of attainment, either tested 
by an oxamination or estimated by tho standard on leaving 
■ the elementary schools. But the wprk of the first year is really 
of BO elementary a character that a boy who cannot undertake 
it is weli nigh l^opeless, and anoth^ plan which can be followed 
36 



THE ARR4NGEMENT OF COURSER OF INSTRI^fTTON 

• 

in some cases is to divide the '^Unlents according to m‘cu})ations. 
The teaches is then able to <lru\\ upon the e\erv-»ijiy e.\j>eriences 
of the Aiidcnts to a greater extent than if the occupations are 
vfrv varied. is perhaps worth noting that the clasMiication 
nifty differ inarkcxlly from tji.ii which is nec‘(‘ssar\ at a later 
stage. Thus the plumber would be as.soeiated with engint'crs 
and iitlier imlal workers becau.se the simil.ir matciiitls jiermit 
of tlie same or .similar exiimples and illustralKnis Of course 

y 

it ma\ be argued that s})eciali/ation at this^sfage is premature, 
but^ I’Ule w<*ight can be attached to .such a couti’nlmn ' , 

Pract^ 4 :ally the onl\ cours(‘s pro\ided in ('(uif mualion Schools 
are d(jj>igncd for students who will prixard to lugher work in 
• technology (tr commerce ConseijuentK the standard of jire- 
limm’ary tfaming is lowered 1)\ the pre-seiuc of man\ who have 
neither tin* inclination, the caj).iiit\. noi the iusmI. for more 
ad\an(ed tiwhing Koi the t\p(‘ of .stmlciit in soyie industries 
tlu’*sfaiidard i.s probabK as high .is <‘an 1 h‘ (‘\p(‘ct(‘d, Uit it is 
e\tr<‘mcl\ low for tin* ambitious bo\ who has n’alK proiited 
from (‘lenicntan*' school edm-ation, and who is engaged m an 
engineering works a .similar industry 

The first t(‘chnical course ]>roj)er to be (oiiMdeied is that for 
Mvehnnind En(j\nc(rm(j. Teiu-hers will be familiar with tlie coii- 
troversics that have arisen through tin* attcmjit to arrange, on 
three nights a week, work preiioiisly claNsitied under live or 
six classes t^^glit, it may be, In as many dilTerent ine». VT‘ry 
early in the development some subjects liad to go, ami l^ractical 
Plaiie-and Solid Geometry and Theoretical Meclianics disajipeaied 
— i|S .separate subjeiis- from the time-t.ibles of the more jiro- 

gresaive sehoois. tStill there remained Practical Mathematics, 

• • 

Machine Drawing, Applied Meehanies, and lieat EngmeH, On 
a cursor}' observation these appeared to euntain just what the 
engineer required, but a eWser inspection showed that much of 

* There is uudoubi that whei^vei possible SuSnte should be taken in 
place of Woodwork. • * 
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the mutter eontamed in the suhjeets onjittod was too valuable to 

• 

lx; loft out ultogethoi A.s jt is uooossarv to reo.ist s**liiil)ust‘s, it 
is ju.st us woll to go tho \vliol(* way, ittxl to olTcot such a*iovi8ion , 
that tho munhor of subjects or constituents of it course shoifld 
eorresjiond as far as jxissiblc to thv number iff .niglits per week. 
The tendeiK^', therefore, is to construct the (‘Aginei'rin^ course 
as follows » «* 


F irut Ymr 


l^iaetical Mutheniatics. 

Machine Conslriution and Dr, using 
l<iXperimental Knguu'enng •' 


Tliesi' subji'cts aie continued throughout tin* second 1\ 

It m.iy be obseixeil that this is ,ipp<irefitl\ a ssule departure 
from tin* ideal laid ilossn in Dart I , which M;<iaidcd tin* course * 
as an indivisjbh' whole When a stagi* is reached, liowescr, in 
which a special room and speei.d ssjuipiin'iit ,ire rei|U]red, a 
eompromisi'tiinist lie (*llected 'I’he ,id\,intair<‘ of tin* scheme 
. will be'.ipparent to those who ha\e to arr,inge classes to lit <icc*om- 
inodation It is obsious that tin* e.ngmeeimg laboiators will be 
re(|uired for one evening .i week tor e,ieh tweiitt oi twent\ -ti\e 
students in each of the lirst two \ears ■'>imil,ir demands will 
bo uiiide fouthe <lr,iwmg olhei* and .i niathematu ,il i-lass-rooin. 
'Kin* advantage will also la* appa»ent in anangmg the liiue-table. 
Instead of tilling up a number of one hour or one and a tndf hour 
Njiaces with little pare(*ls of knowledge, each with sej), irate and 
varMug’renuiremeiils, the unit^ of time .pe \Vi6le evenings, 
and tin* units ol knowledge are larger sections, each with clear 
and detiiute reijuiremeuts 

Now,* in regard to scope and character, the course as ,i wjrolo 
possesses one detiiute leature calculations Ix’long to oMyy, 
evening's work. But the mam aim on one evening is to increase 
the students’ knowledge of mathematical ojieratious , the mam 
aim on another evening is to meieas^ the students' knowledge of 
eoustruction and desegn \ and the ipain aim on th6 third evening 
IS to familiarize them with mechamcal laws, tho properties 
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of materials, and tho mechanical* lul vantage and elTicienc^ of 
‘inachinea and prime movera. E\ery problem is attacked by 
ex|)erin1^nt, by draiMiig, or bj calculation as occasion riMpiii^'s 
aud experience* dictates Such a couise maint.uns intt'rcst, 
facilitates correlat'oif, d(“velo[)s initi<iti\c .uul rcsouicc, iiiul gi\i‘s 
an all-round priictical training if it is j>roperly taught iii 
all the^yoiiiig engineer requires at each staf;L* (4 his pro- 
gress, aiM \Mth no gaps in his scientiiic ccpiipincnl. 

The (‘stahhshnient of a Siitisf.ictory course in Khrtnval 
thwfuicu iru]* a more diHiiult prolileni \he industry itself 
jiresf'iils ^re.iter* vaiKition. On the inanufacturing side it is 
rather higlily speciajized, and «t> good main jiiipils in central 
» generating studious desire instruction Like most other students, 
tho young electru-al engineer wishes to juiii]) straight into the 
technology of his subject, and h(‘ does not rcaliAC that, using 
the same tools and largelv the same materials and proc(‘sses as 
tli<i meehanical engineer, he reijiiires very much the same training. 
Moreover, as in man\ schools the number of electr»eal (•ngineenng 
stiuleuts IS toq small to enable sejiarate proMsion to be made 
for them, they have to do soiiu*, at any rate, of the work in 
common witli mechanical engine(‘ring students. 'Hie plan most 
usually adopted is one se.ssion Draw mg and one session ^in 
Experimental Mechanics m the lirst two }ears. 'Phis gives — 


Fxrnt Year 

T * * 

* 9 


Practical Mathematics 


< J)rawing foe Electrical Engineers 
( Expenmeiital Mechanics. 


‘^Second Year 


I Practical Mathematics 

< Experimental Engineering 
I Electrical Eiigmeermg. 


^ Or tiJ'O nights 
^ Electrical 
) Engineering. 


The provision of a satisfactory liuilduuj Courat is a still more • 
diflicult pr(4>lem. The Building Trade is more wnlely distri- 
buted than ail} other, and the numbers in each j-ow ii ai;p relatively 
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flmall. It reall\ coiiHists of a small group of trades working in 
different materials. The carpenter, tht bricklayer, the mason,* 
tlRi plumber, the painter, work in close association, /ind yet 
each is confined to a particular portion of the ivhole structur^e. * 
The young architect and builder reipiire insdniction over the 
whole field, and so also does the* young earpeuter or mason 
who desni'Sfttf become a foreman builder or clerk of 'works. 

I <' 

The introduction of machinery has to some extent degraded 
^he separate e-rafts, but not so far as in some other industries, 
and there are still 'numbers of men who fiiul sufljcient sci^pe 
'for their ambition in their own trade, and \\ln'» reiiuiie instruc- 
tion in order to gratify it 'I'he students who present them- 
selves at the Technical v'sehool therefore exhiliit a, wide\ange 
of amlntion and capacity. 

T'he (piestion of a suitabh* course is conijilicated liy the 
* peculiar rclationslut) between Ibiilding Construction as defined 
by the Ihaird'of Education and the syilabus(‘s in ('arpenti\\ and 
.iloiiiery*' IJnckwork and Masonrv, issued b\ the City and 
(Judds of London Institute Broadly, the matter of the last 
three subjects is “assenililed ” in the syllabus for Budding (Vm- 
struction It has usually been considensl 'ihat Budding (Con- 
struction waA most suitalile for the more ambitious student, 
anfl that eoinbmed with Builders' (Quantities, Architecture, and 
some (Jeometry and Mechanics, it pro\ided all that he reipiired* 
But in schools which also jiroMde classes in the City and (luilds 
subjects, advantage is often taken of the vourSb system to 
include one or more of these in the full course One reason 
for tliis is, doubtless, that the Budding teacher prefers to koop 
his stiuhmls m his own luinds entirely, or, at any rate, in Jiis offn 
department. But the inevitable result is to exclude instructiofi ' 
in the Science of Building Materials and the Mechanics of 
^ Structures. These subjects are generally included in the lessons 
on Building Construction, but there is no laboratory practice, 
no first-hand knowledge obtained by the students themselves, 

‘ 40 



THE ARRANGEMENT OF COURSES OF INSTRUCTION 


and they accept the inforniatioiP which w given to them on 
''authority 

• • • 

The^p is no doubt tluU the plan of including both ('itv and 

‘Giiilds Subject-^*and Hiiildiiig (‘onstruction in a course inxolvcs 
ail enormous amouifl of duplication as well as of exclusion of 
iinjiortant instruction On that account tin* ('ity and (Sudds 
sub, K‘ls will^ probably be taken in future onl\*ift file minor 
courses Merred to below, bearing upon indnidual trades. 

A further matter for di.seussion is the inclusion or otherwise^ 
of M^dhi'inalics in a Ihiilding Trades Course 'Phis has often 
been attciftpted, *l)ut rareh with more than moderate ''iieccss. 
The fact is the ealciilaOons of the builder are of a highh specialized 
character ai¥l when' tlu'y cannot be jierfm’iiied b\ anlhinetic 
they weld, readil* to graphnal treatment On thi" aeeounl 
the sulijeet has in many e.ises been cut out of the Building 
(Vmrse ami the more recent tendem*y is to inelmh' (alculalions 
of weight (|uanlit\, and pii<*e in the Building Coiislniction, 
«md in direct assocmlion with the details oi strictures whicli 


the stmlent is (Jrawing or measuring Thus as in the case of 
MachiiK' Construction and Diawing. it is being iecogiii/<*d that 
the student of Bnffdiiig (onstimtion must ha\e n'gard to 
eeononiN as w(‘ll as to outline and .stn'iigth ^ 

As in^the ease of Engineering ilrastic re-arrangement of the 
scope of .subjects is iiie\ itable, and the tirst two lears of a typical 
Building Course is set out below - ^ 


FirM Ymr 



^ Oeometry of Building 

<; Building Constnictioii and Calculations. 

( Sc. cnee of Budding. • 


Geometry ami Graphic Statics 
Budding Coiihtrm'tion and Calculatioiis 
Experimental McchanicH. 

The .sUbjec^ on the third evening includes in the first year 
laboratory work on the clerilentarj’ Chemistry /ind Physics of 
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f * 

Building iimterials, ventilation, and the principle of heating 
and lighting In the second ye.ir the Strength Materials* 
and MochanicH of Structures will be dyalt with in the laUiratory. 

The Hco])e of tlie work on the three eveivngs represents 
approximately the work of the, ojliee, the” wo;’kshop or yairl, 
and the laboratoiy, in relation to the industry. 

Minor**courscs for individual trades generally r,“solve Vftjiu- 
selves into a theoretical lesson including drawing and any 
^calculations that a£e desirable on one evening, and workshop 
practi(!e is the other 1’he staiuLird of admission to Micse 
classes is not insisted u})on with the same se\ erity'^fis in the 
full (jourse, and the stmlents are in\aivabl\ older {n the 
separate Building trades there is a tendency foi* the hoy to . 
evade attmidance until hi' can be admitted on the ground of 
<ige alone. It would appe.ir tluit the narrower the aim and 
the lower thy ambition ot the student, the greater is the tendency 
to reliiKiuish technical training altogether rather than to submit 
to a full tliree-night course. At the same time there is much 
to be said for the view that the trade students should attend 
the classes in Building ('on.struction for aji^ear or two in order 
that they ma\ <i,ppreciate the relation of their own part to the 
rest of the work. 

Courses of instruction in ('kinncal Tntdva are only possible 
in districts in which Chemical Industries are largely rejiresentcd. 
As a mie, the students are those emjiloyed in Works' Labora- 
tories ; ver} few are engaged in the process. The chief industries 
are Alkali Manufacture, Soap Manufacture, Metallurgy, and 
Bleaching and Dyemg. Before planning a /murse of two or three 
years in duration important considerations merit discussion. 

The first is that the student of Chemistry tries to escape 
Mathematics and Physics. He does not realize that Chemistry 
* is a (juantitativo science or no .science at all, and that every 
chemical change is, interpreted through Physics. Certainly a 
limited &mount» of Chemistry can be learnt on the basis of the 
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Prelinunan Technical (^ourw*. Imt it is extremely Ninall. If 
tht‘ HtiidenUh.is any desire to proceed to liij^her work, he cannot 
^ withstand the demand tlu^t a portion <»f his time in the earlier 
vAirs shall he ^evote<l to studi(‘s \\huh will render later work 
eakier and more flitelligihle Jo linn rntortunately, the scojic 
o'f (lassos in I’hfsies which has liitIuTto Ixssi pro\ided has not 
heeiuparticifclarU useful to chemisl^. and the recpiireinents of 
the course svhtcin must auMin lx* iiu^t h\ .inotlnn’ dra^-tic (‘hange. 
What IS w, lilted is a courM‘ ot tli(‘oicticid a^d practical w(U’k iii^ 

l*lit.'«ic.s, wifli special ndciciicc to its applications in ('hemistrx. , 

• * 

This woujd .include cxciciscs in specific gia\it\ and density, 
tin* measurement. ot«\oluine ot gases, v.ipinir pri'ssun*, specilie 
•• and latent limits, an elemcntar\ treatment of the kinetic theory 
of gases, theim.il dissociation, .iiid such .in clciiu'iitary sch(*mo of 
work in clcctmitN as will icndci the tln'oiw ot el(Ttrol\sis and 
clcctrol\tic disHK lation cU.ir to tin* student ^ 

«\flothcr m.ittcr ot impoitams* is the siopi* ot the Halms 
in Org.imc ('hcmistr\ Hithcito tin* liist Mai's work has lx*(*ii 
(oiitiinsl cntin‘k\ to the f.ittv (ompounds, and has included .i 
discussion of a numjicr ot suhst.iiiccs whnh aicof coinp.iratively 
no coii,se(pieiice either fiom the thcoietic.d or iinhistrial jxmit 
of \ie\^ 'I’ln* hcn/ciu* and other nog (ompounds ha\e lx*en 
relegated entirely to the second stage 'I’ln* pimeipal industries 
calling for a knowlcdgi* ot Organic ('iiemi.sti v are Soap Manufac- 
ture and l)w.‘yig and Coal 'Par Colours 'I'he first of tiiese calls 
for onK a limited knowledge ot f.itt_\ compounds, and is mole 
than fully provided for in tlic existing plan Dyeing and Coal 
Ta^ Colours, howe\«r, demand a knowledge of hcn/eiie deriva- 
^ lives, and umier the present sv.sU*in a student in these induHtnes 
has to wait an unneeessanh long time lx;fore he learns anything 
of direct value in hi.s dailv work. The needs of both classes of 
student would be met if thodirst year’s work m Organic Chemistry 
contained a liriefer treatment of fatty cvmpjjunds and an elemen- 
tary introduction to benzene and its den values. * 
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If the validity of those cfitieisins is admitted, the chopical 
trades courso may he written down as follows — , 

[ Practical Mathcma*tics. • 

/ )iai (iiimiistry (Tl^eory'and Practice) 

I Pli\sics (Thcorvt and Pracfiw). 

• • • j' Practical Mathematics 

Second \<fu I Inorganic (’hcmi.sti‘\ 

^ 'l\ I Metallurgy, Iron and Steel, or iVlhali Manufae- 

1 •ture, or Organic Chemistry. 

'rcchnological suhj(‘cts like Soap Manufacturing Dyeing, 
<ind Coal 'Pir Colours, which m\ol\(‘ a l^iow ledge of (^-gailic 
(hemistrN, cannot lie undcitakcn until the third Vear. 

I 

'riiere is no (loul)t a large number of men emgaged m Chemical 
Industrii's who would protit Iin som(‘ clementarv chemical know- 
ledge Some attempts ha\e he(‘n made to meet their needs hy 
admittyig iIk'IU to the Klcmcntarv Inorganic, Chemistr\ Clfcsk on 
one (wening. .ind allowing them on a secoml e\ening to examine 
the common materials thc\ use in the Works f 'I’liese experi- 
ments are interi'sting, «ind ma\ he de\eloj)(‘d eonsiderahly in the 
future The chief dillicultv is tliat it requires some technical 
kpow'kslge and grtsit skill in ti'aching to gi\e sound instruction 
m Cheimsti'v in a limiteil time to students who arc distinctly 
ill-titted for seientitie studies. 

In arranging courses for other indu.stries similarjuethods ha\o 
to he adopted. No good purpose would ho served hy attempt- 
ing to consider these in detail. In general, where an industry 
offers eoysiderahle oiiportunity for the applications of scieVico 
and for the emploxinent ot .scientitically trained iven, not fewer 
than three nights a week are required if satisfactory iirogress 
is to he made, in a numher of smaller industries, however, 
• in which ambition is iinuted by th% prospects, it is often not 
possible to secure attendance on more than two evenings. In 
this casc^hc whide, or a portion, o/ one evening is spent in the 
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workjho)!. m ('.iipmtn .ftul .loiiirrv .m«l P.unU'rs' .iinl 

’ Decorators ’^work, the expense ot providing; worksliops imlitiites 
against Vthc provision of ^atfetpiate courses of this character 
\^ilo some ext/iiHion in this ilireetion is hoped for, it must not 
bcf nlloweil to develTip at tlic (“xjiense of the fuIliT .nul more* 
comprehensive tiiree night srlimne (ien(‘iall\ speaking, prol)- 
!il)lf per-cent or 20 per cent of tin* studi'ftts jfl present 
attending major cours<“s would 1 m‘ nuu’c suitalilv provided ft)r 
111 minor courses of smalhT scope .ind duiMtion, (piite apart 
from^ unfavfniialih' conditions of emplovment ami tins pro- 
jiortion VjU'ics in*lifTercnt scliools in most cas(‘s the piovision 
of'mii^or couis(‘s coyjd onl\ he pistilieil h\ an incriMsc' m the 
^ mimlier of l^ss ,iml)itious students Hut tlie <‘omplaint soiiu*- 
timcs ni.ide tliat tlie m'^triKtion is ,il)o\i* tin* i(‘(juii(‘mcnts ol 
tlie student-' is not olteii pistified The m.ijoiitv of schools 
<ue doing tlie hc't lln‘\ (.m to nmet the nee(ls of tliosc 
stmlcMts wlios(' ( h<ira< li'i prospect^ ,iml inimhers )ustif\^publn“ 
(‘xnenditure tinon tln-m. * 



CHAPTEl! V 


TAAMINATfONS AND OTHKR M \TTKRS * 

Tuk coursoH of lUKlruction wlych have (les(Til)p<l are only 
j>osHihlo where full a«lvautage is taken of thv aholijion (ft*thc 
Elenicntary Kvaininaiions of the Hoanl of K<luc-»atton 

In this system each subject was considerisl nuh'jiendentlv, and 
a rigid adherence to tlie s\llal)us gave use lo.much unnecessary 
dujilioation within the courses The anuiunt icijuircd for the 
examination coidd rareU he eo\(T<*d it the student were taking 
the course in his lirst \ear, while it he rc.ichcd it for the tirst 
time in the second or tliird \<‘ar tin* evamination was too ('asv. 

'Phe sudden abolition of a national t(\st <»f such widisjiread 
inlluence which has existed for so man\ mm/s h.is natur.dl} 
jiroduced no little consternation, and Inis' brought out rather 
prominently, two national ch.iract<‘nsti<\s One <d these is the 
dkisirc of the student to possess sonu' ollii lal recognition, however 
small, of the result of his labours in the hum of a certilioate, 
and the other is the peculiar lack of conlidciu'e m the teacher. 
It m.ittet-cd not that the certiUj-ate wlueh psed **0 beaiwarded 
by the iScieuce and Art Department bore the somewhat chasten- 
ing acknowledgment -- 

*“ III N.itiiu-^ iiilihiti' I'luik «>i sn m \ a htiU> uin 1 n.ul. ! ' 

Such eertiticates were accejited with irratitmle. exhibiterl with 
pride, franu'd and hung in a conspicnous position where they 
would serve as a solace to shattereil hopes or a spur to further 
endeavour. Nor, w hen the arti.stic and mholical sheet gave way 
to the .seyere simplicity of a plainly printed card did the value 
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(Iecrca80. Small wondor, then, tlyit a tradition lion ^rown up 
that a student oii^ht to Submit himself annually to an external 
examiner— an individual toIkmI in mystery and in 

*ment on the ^WDrk of tli('* session ’ OeoaMonally some prophet 
ni;p80 who denounced the examiner and Ins works, but {generally 
much was made^of those decisions which were favourable, and 

a (liscf^ct silence maintained .iboiit tlnw wblcb•^«‘r• not 

% 

Handy had any one recovered from the aniiounr'cmcnt that 
the Elementary Examinations of the Boanl of Eiliication were 
to jie aboil Jied than new claimafits arose f^ the adulation and 
deference Inch h\d been shown towards ,in external examining 
Ixjdy 'l 1 ie*Laneaslnro and ('heshiie Emon of lnstiluto.s has 
enterefi tlie J[ield, <nid in an imredibh sboit sji.ici* of time has 
prepared to carrt out the wt>rk M<>reo\er "Ireinions elTorts 
arc being made to set up other bo(be>n similar in constitution in 
different parts of the count r\ 

It^ is pertinent tlierefoie, to i‘n<juire what arb the spei'ial 
disadvant<ige.s of ext<*rn,il ex, imm.it ions m 'r<*ehmctl ^Schools • 
during the first two vears In thcM* \<*ais tin* technical student 
IS lireaknni new LO’ound, and he c.m liest l<*arn jirmeiples of (on- 
skiiction, mechanicjri laws thctheor\ of chemical action, through 
a study of the materials tools and processes witlf whn‘h he is 
most f.unihar And certainK for the lii.st session he ought not 
to proceed far outside the local tvjie of the mdiistrv in which ho 
i.s engaged This is fundamental \ subjt'ct mav be introdiieisl 
as though it*wer(*of interest' to tlu' (’hines<» a centur\ ago 
instead of being of primary import.vnce here and now but this 
is not the best w'a\ Any argument on this point which may 
be Tiece.ihary wall be dealt with in subsispn-iit chajders For 
tlft* pre.sent it may be t.aken as one of the simjilest axioms of 
etaehing, and therefore of school managiunent and organization 

How', then, is a sxstem of external examinations to take • 
into accmint ail the forms and x’arictx of any one industry in a 
large area ? Is it possible lor an examiner -who inu^it not be 
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onga^cid in any Hchnol within* tho area — to possoHS that Ijnow- 
ledgo which will cnahlo him to foster the right methipd i Is it 
likely tliat any eKterual examiner can avoid influen/ing tho^ 
teaching in the sclufols in such a way that ftic method aFii 
scope assume an iindesirahle uniformity at tllis^tage 2 Of course 
when the genenil princjph‘s of an> snhject have hcen learirt 
they can ‘lie* applied generallv over a wide held, ,and po^tffbly 
beyond the lirst, cerlainh bevond the s(‘cond >ea1’ course 
^the external e\«imincr has an (sisier task. Hut it must bo 
emjihasized that it is the fifst-;year course vvluifh is ^wng 
especiallv consuhTed * 

'riie alti'i mdivc to the (‘xlernal examine^ is a school examiiia- 
, tion conducted with oi without extern.d ,ud. dt has been ^ 
suggested that the teachers should set and mark the papers, 
and that their standanl shoulil be cliecked bv (‘xternal ass(‘ssors. 
Further, it has been proposed that these assi'ssors should be 
men iii actual practice in the industry, d’ho cost mighty be 
' diminisheu by neighbouring schools engaging an assessor jointly 
and contributing towards the expense , 

Hut there is a marked tendency on the part of Local 
Education Authorities to mistrust their teaidiers They do 
nyt doubt the marking, but thev doubt the ability of the teacher 
to avoid anticipating the examination at the end of the year, 
and teaching up to certain tvpical (piestioiis. This danger is 
probably,exaggcrated, but the lay mind is not readily convinced. 

So long as the examinations are of the right fype, it is obviously 
an advantage that the teacher shall have specially prepared 
for them^ Tlie problem is to convey a certpin specified amount 
of knowledge, to develop powers of reasoning, apd to achieve 
a proper degree of skill in certain arts, during the session. If, 
under the conditions of an examination, without aid from the 
• teacher, the student shows that he Ipvs done what was required 
of him, what more can be desired ? 

The objectiop immediately ariws that while this may be 
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• • : 

grant^l in regaixl to a vclmol^tlim* h iiotlnng shim how 
the work ooinp.vros in and stiind.iid witli that in stum* 

othor sdiool ()l»\iou‘-!\ this a mm’ious niatl»‘r. for then* !s 
^fkihnig ti» j)rr\^nt .i ''(‘hool \\hi»h simioosK uu lln n*nl inmi 
remanmig im‘lh'.*!'Ant* Ihit h.i\r tho ohjottoiN foiinntni ih.it 
thr I'r'Ni. nr lir''U.in(l m*( ond aloM(‘ an* uiulci dis« U'ssu)!! ^ 

In <\ ^’oinp.iijjiliNo lest i(‘((Uin‘d in racli mmi* couim', 

or will hlTl’li .1 tost .it woll iiiiukMl sl.iffos <if pioi'icss sent' tho 
|)ur|)os(‘ ‘ If so tho lio.iid of I-ldin .ilion still lolain iiiim.il ions 
of j*^^(and.nd which is sup|ios<*d* to Ik* sm^.ihlo foi iho thud 
soar w hilo othci:^ of tho ('it\ .md (luilds of London Institiito 
an* a[)|)io[in.it(‘ for ^liis sta^<* 

^ Tho (pu'st^on of .in o\tornal oxamnialion in tho low(>r xoar.s 
turns lar<£(*l\ on tlio hl)ort\ of tin* t(*.iohor and lihortv unfor- 
tun.itoK imiN ho u.s(*<l h\ him m two wa\s It may ho usod hy 
a t<‘aohoi to lx* mdol<*nt, to usi* .mtniu.itod mothods, and to plough 
a loyol\ fill low when h<‘ ought to .u t m oo opoiution . and^it may 
also ho us(*d to d('\ olop m*w nu*thods to imiko use of hi.'^studonts’ 
dailv onMroimio;il to gi\o lifo ,ind tom* to his toaohmg, to o])on 
up now holds for oulti\ation Tln*i(‘ aio suioK im*ans i^f d(*alnig 
w'lfh tho niisu.so of lil)(*rt\ without mhihiting nntiatno rosouroi*, 
and protossional /(*<il ' It thoro n standiiidi/mg rn.iohm(‘ry id 
thoondo^tho Pn'lmiman T«*< hrno.il (’ourso that is. on admission 
to tho 'IVolniRal iSdiool .iml ag.ini at tin* oiid of tho thirfl \oai,' 
thoso wouhl ajipoar to la* sunioiont safogu.uds It ijj not as 
though an ontiroly*nov(*l projidsal \\<-io homo in.ido Soioral 
schools ga\(* uj) tho Examinations of tho lloaid of Edm-ation 
801110 xoars ago, and^main olho^^ ha\o introdinod sulyocls tor 
whicli niT oxt^rnal oxamnnng hodx provides u tost , and in 
these cases school examination.s ooiuluctcd hy the toachors 
with or without oxtornal aid or assossinont hu\c sufliced 

And if the substitution^of internal examinations for those 

‘ It'shmihl ft iiotul. liout-xj^r, that a l.'irgo jiutiiIk r of th.* hiiialli r 
Tuckuicul tichouls can oiilj j)ruM<iL' a cuiM't^lH-\'jiul*7' 
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by an External Authority ciniHCs Local Educational Authorities 
and Teclinical Teachors to eiujiiire more closely into the meaning 
(5f Technicfil Education, its rolatit)n to industrial orgtfnizntion, 
and tlio l)est methods of seho( 1 orgamzatum ^and teaching^^T 
surely more than eompensiite for any iiiinor disadvant^os 
^\Jtll uliieh it may be attended. , 

So iiKieh '/or first and second year courses It now remains 
to consider evaniinations for the third and higher years. In 
diapter 1\’. the writer avoided the discussion of any courses 

iK'Vond the secomt year, because the continued existence of the 

» 

Jhmrd of Education examinations, corresponding to' the second 
and higher stages, complicates the arrangement After .the 
second year the essentials of the course system aroof less impor^ 
tance. The student has by this tunc overcome th(‘ difficulties of 
breaking new ground , he stands less in need of skilful t(‘aching, 
and he is able to work more or less indejiendently of the teacher. 
The essential unity of the course system has trained him, in the 
association of ideas and in the correlation of subjects. The 
mental processes which the teaching was designed to develop 
are now'* mental habits, and he is capable, with his wider and 
better - organized mind - content, of connecting subjects and 
acquiring llnowledgo w ithoiit so mucli assistance. In fact, the 
sejiarate 8ubj(‘ct method is not .so disastrous to tlie progress of 
the .student in the later a.s m the earlier stages 

This IS a foitunatc thing The teachers of higher stages are 
generally older, more lixeil in their methous, anil less amenable 
to the iulluence of new educational ideas than their jounger 
colleagues. Moreover, the range of the student s work narrows. 
He leaves the broad shallows, and makes acquaintance" with 
the heights and depths. He begins to specialize. ’• 

Let us enquire for a moment what this specialization means. 
At first glance it might be thought ^hat the early stages involved 
specialization because of the insistence upon t’paehing through 
the loc^i industry Rut this is only a means to an end— cm 
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avenue by which to attain the bnHwl and far-reachin^» j)rinoij)leH 
of conatniction, niwhanical laws and uenoralizations of Physu's 
and (1i%inistrv Rv the aid of those wkIc truths the student 
rhivestigates otljbr mat tors* within liis reach and a few outside 
of, It TliCM* however, broadiMi and extend his mind- 

eontent, and e«M 4 lirm hi^ knewhslge <if the lawh. 

l.iter^'^tage anoth«‘r force hei^iiiM to «HH‘rate •Tht*student’s 
inferests'^are narrowed down h\ his industrial re(|Uirements. 
He may hr in a struetural riigmeenng and hridge-huiMing works, 
amkhe will •lesire to com entrat<‘Tiis attention upon the strength 
of materi.fU .ind*stnictures He m<iv he in a works m which 


steam enginrs an* made <ind he max wish, therefori*, to do littlo 
^ hut what he.W'' mo^t elos(“ly on steam (‘iigme design and economy. 
He max he a hinlder who spi'ciah/es in sanitary engineering. 

In fact, there xxill alwaxs he a teiuh'iiey for a student to exercise 
<i xerx stiong pieferiaiet* wlum he reaeluvs his third year 

Jf*the Hoaid ot Education (‘xaininatioiis continue to eixereise 
any marke«l influence on the work of the sehooK somefipeeializa- 
lion will he r.ss^>nti.il Thus m Engineering there will bo elasses 
in Pi.ietieal Mathematics, l*raetieal (leoinetix ami •draphics, 
Machine ( oust ruction and Drawing, Applied Mechanics (two 
divisions), and Fleat Engines Not ode of these* six subjects 
can lie dealt with adequately in less than one full evening a 
xvcek. so th.it obviously no student can take the whole range. 

The situation is still further comjilicated liy the ^act that 
> many subjects of*the City a!id (iluilds of London Institute 
corresiiond to this stage, and one or more of their syllabuses 
may be followed in^lieu of the Hoard of Education schemes. 

The ^uesHon arises, is it better to continue the course of 
instruction followed in the first two years, and to have a 
ourriculum suited to each course in each school for the third 
year, or is it better to follc^' the schemes of external examining • 
bodies, dhd t<^ allow options among a number of single subjects ? 
For the ambitious student* who aims hi^ t^ere is ao doubt 
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that a further ueiieral traimifg, iii wliieh the three parallel sub- 
jeets of the lirst aiulset-oudyears are eoutimied for another year, 
is most desiral>l(‘ This would pfovide an adirm*ahlorf)asis for 
siil)se(jii(‘iit speei.dizalion, and it mfi^ht, witholjt disadvantage^ 
vary a lit(l(‘ in a<*eordane(‘ with the demaiubi of different Icgial 
industrial ronditions 

As a huitter ol fact, the (‘h.iraetcT and scope of the in 
the third year need not bo inlliuuieed very lar^elv b.f external 
OYaminations 'I’lu' Hoard of Education now no longiT awards 
a ei'i’tilicate in a single subjdc.t In limi of this tlie\ off<w to 
(‘udorse a course certilicali* (for which a thn<^year sVudent w'lll 

he eligil)l(') which contaius the whole record of tin* stud^-Uit 

« 

during his atteudanci* at the school It contains also a statc- 
ment of tlii' <‘onditions und<‘r which the ccrtilicale is awarded, 
and the nsults of an\ (‘v.iimnation whah In* m<i\ haw t.dn'ii, 
whether these are held hv the schotil or hv an (‘xti'rn.d body, 

It IS understood that in approMiig schenu's for these grouj)- 
cours(' (‘('ftilicates the Hoard will (‘nde.ivonr to s(‘curi‘ a r(‘asonahle 
uniforimtv of st.indard , hut it is clc.ir that 4! then* is to he 
mueh vacation in the character of tin* third \ear courses, this 
will he diHicult of attainment 

^ 'Phe consideiation whether .in\ spcci.ih/ation in the third 
year is necessary or desirable ina\ he hdt at this stage, for it is 
praetically eeiiain that an\ dillieulties which present themselves 
herewilfdo so with increa.sed force in th(‘ fourth year of the course. 
Hy that tiim* studmits will he .ihbut twenta \tars of agi*, and they 
will have before them a clearer \ lew of their position [irospects, 
and educational needs A elewr student will probably desire 
to pass to the Day Technical Schoiil or University, artd he will 
desire to concentrate his attention upon those subjects which 
are jirescribeil for the examination for any available scholarship. 
But on the whole this is not the Jvpe for which the Evening 
Technical kSohool exists. If he is to go to a full-time dhv course 
it should not, a rule, be later than the cud of the thii'd year 
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course. Tlio men for \\hoin the school must of neccsMt \ provide 
are those \vho will continue to 1 h' induMnally einpIoytHl m tlie 
(iaytimcVand wc may bricth* consider the kind of work whicli 
ik desirable for ^icm 

• Firstly, then, soiiiT* current notions must he roujihly handled. 
At tins stapo, io\ exainjde. Machine (’oust met ion and Drawing 
disapi^^ars a.s^a separate subject A])plie<l MechaftiAs «nd Heat 
Enpines t»re now studied with ndcrtMicc to di-sipn. or thc\ hit\c 
no ineaninp at all and this involves apj)n»piiate laboratorv 
work and fh<iwmp Siinilarlv t;\‘(un(‘tr\ aiid (ir4ipliic Statics 
beconu's inerped tn Structural Design 

• Se(u>ndl\. an engineer inav desire to gain some knowh'dgc' of 
^Electrical Enpinecnng or of Mctallurg\ and in both cases, pro- 
vided that the di'^rc is KMson.ible an<l docs not ansi* out of 
mere enjuice, no obst.iclc shouhl 1 m‘ plai'cd in his wav 

Thirdlv, students engaged in some indiistrv wha*h (‘inplovs 
powj|r,m<iv desire te» .icejuire* s<,ine knejwleslge' of flie* )ne)ele* e»f 
eiperatiein, control, anel nian.ige*nie-nt eif iiMehine'iv anel'eOe'ctrie'al 
CfjUipinent Tli^s is u gieaving iie e‘e*ssit v . .iiiel one* for wlncli 
there are at pre'semt verv few atteinjits to preniele. One* of the 
most imjioi’tant eleveleejiinent*' in this elire'etion is the iireivisiem 
of in.structiem in Engin(‘eiing for e*h(*mists whe» ele‘sirc to epialif^' 
for the ijianageme'iit of we>rks Foi siie-h stiielents a e’enirse* 
consisting of simple elesenptiems of tlie ehie*f tyjies of jirime 
movers, their ineKle ed aetmii the* tran.sniissiem e»f jiower. the 
construction o7 wafehouscs. shells, anel fiirnaees, wemlel be eif 
incalculable value in preiducing sMupatlie-tic co-ojieTation 
betw'ecn the departments of a weirks 

I^ourtMy, Jhc scheiols must receignize that industry’ has a 
coifimercial aspect which cannot be ignored The jirovision 
of instruction — preferably from men in actual practice — in 
workshop costs and accou^jts, and in speeificationH and esti- 
mates, h&s bionic an essential duty ^ of the larger schools. 
Many students leave the schools with scientific lyieiwledgc which 
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enables them to understand ^nd control the factory or jvork- 
shop, but with an utterly inadequate knowledge of the relation 
oi construction or manufacture to commercial success. • Closely 
related with these matters is the question of indiu ’trial economiefif" 
No young man ought to seek res])onsibility m v'orks managomant 
unless ho has some knowledge of the economic factors whidi 
dotorminft to Home extent the successful conduct of ,manufj|p1ftire. 
Apart from what may be termed purely money economics — 
banking and finance — there are the broader (piestions of capital 
and labour, in r(‘gard to whii^h a little knowledge«and a, little 
sympathy might do a great deal to promote tlfe Hmoo]th working 
of the industrial machine Unfortunate l,v, it is rare to find 

Economics being jirosented m any but an a))Htruso‘and academic^ 
way. It begins with high - sounding phrases and remote 
generalizations, instead of a simple analysis of the industrial 
environment of tlu^ class. ^ The raw matiTial of abstract science 
is not ^embalmed m musty \olumes, Imt c\cr present iiv the 
pulsating*' life which surrounds the school. 

Fifthly, industrial progress is throwing a n^w responsibility 
upon Technical Schools. Modern manufacture is becoming 
more, and not lcs.s, dangerous. The use of machinery and 
qlootrical power is sjiroading. Larger (piantitics of material 
are being dealt with. Proce.sses are being carriod on by 
machinery which is not sensible of danger, and which keeps on 
working, unless an attendant, with possibly other duties as 
well, notices that things are ftot right. 5fow substances and 
partially understood processes are being introduced. And an 
increasing proportion of workmen are becoming merely machine 
minders. All these spell danger to life and hmb, ^nd it* is becom- 
ing increasingly important that the Technical Schools should 
turn out foremen and managers with a just sense of their 

responsibility and an acourate k^wledge of the precautions 

« 

' This criticism wnild hardly to J. A. HolTson’s “Industrial 
Ecououuts ” whioh has recently appeared. 
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which are necessary to protect th# life and limb and health of 
the workpeople. * 

Sixthly, the school should bo prepared to arrange instnictK))) 
1 *- new methods? new processes, and new groups of know ledge. 
It .ought not to tiirif out studonts who.se training is ne(‘e.swinly 
incomplete, and .who cannot *hope e\er to beneiit fuilh(‘r fniin 
attv^ndance It ought not to be the centre from»whish merely 
initial inAfiiration i.s <lrawn, but it .slnmld <‘Md('avour to become 
a centre of progress and (‘ulightcniiuMit for the whole industrial 
area which .it serves For this purjmsc tltt* sclmol should not 
rely upon its nojinal staff, but sliouM enlist the ser\i<>e of all 

the special knowledge and e.xpcricnce it can command. 

• « 

Obviousl^^ any external examining body will ha\(‘ great dilli- 
culty in meeting* the \aricd needs of a number of Technical 
Schools, which are fulh alive to their functions and in touch 
with industrial jirogies> On tin* other h.ind, then* is no doubt 
that internal examinations can onl\ be (omluctt'd effecti\el\ 
and economicalls in large .schools with a w‘'ll-(iui;hfied and 
permanent staff , and oven here experience indK'ates that 
the labour is extremely heavy. The jirai tice of i^shociating 
neighbouring scho(Tls has not so far been tried, and the 
greater number are looking to somo organized examining 
body to^ undertake the work. It remains, therefore, for suth 
examining bodies to break away from tradition and to have 
regard to those essential details ujion which the indiiBtnal 
%nd economic success of the sehools depend 

Note . — Some months ago a meeting of Headmasters of 
Tochmeal •Schools in South Staffordshire was held, 
^nd the following resolutions were jmssed . — * 

• (1) That ill the opinion of this Committee the issue of 
certificates should be decided on marks awarded for : — 

(а) Attendance. 

(б) Home-Work, or Class Work, or both , and 
(c) Examination results. 

(2) lliat external examinations ^ould not ho utilised in 
testing the progress^of students dufing the first two years 
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of 11 Technical Schoo^ Course. (This is not intended to 
exclude Exaniinalion Boards ^formed by a fcdoralfton of 
Seliools) , 

• (U) Tliat an hi\aminations’ Hoard be fornied fjom the 
Principals and Teachers in. Technical, Schools. Th^ 
Iho duties of the Examinations’ Boanl* bo . — 

(u) 'I'o supply assessors for the supervision .of 
Intern.il ExamiiVitions , 

J^h) To hold examinations at smaller instjjtiitions 
‘ \vh(‘r(‘ such institutions so desire y 

(r) To make recommendations as to the «onditions 
of award of certificates 

(4) In order to meet the situation (Teated by Circular 
776, issuedliy the Bo.frd of Education, and* bo carryout 
th(‘i)olu‘y thenun lecommended, it is, adxisiblo that an 
Examinations’ Board should be eonstituteef from the 
Princi|)als and othiT re])res(‘ntatues of the different 
Technical Jnstitutions, tor the jmrposi* ofeiidvising and 
assistin^^ indi\idu.d institutions m * holding internal 
('xaminations ot a suitabl(‘ standard for “(’ourse” 
students m ’reclmical Schools It is tlu'refore suggested 
that each Local Education Coninulte(‘ be asked to 
a|)])(tmt a rcjiresent.itive to meet the Ad\isory Technical 
, (’omniittee at a .Joint Conferiiice for the considehution 
ol the whole (piestion 
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CHAFrEK VI 

UhNKRAL riUNCirLJ:.s 

Wip ri;M'R^-e^ulation.s are madc^by (Joverninont Dej)ariineiit8, 
nr l*ublie^E.\ainrtung Ibalies, nr I-ioeal Education Autlionties, 
or« by ^individuals \vJio rush inti) j)rint \Mth tlicories for the 
^regeneration *1)1 tlie rni\erse. tin* final E\eeu1i\(‘ Oflicer is the 
teacher The best l.ud sehenu's on pajM'r ^\lIl go astray if they 
are ineorreetK inter]u<‘te<l If the onh'r of teaching is irrational, 
if the presentation is not clear, if the accuracy of the student's 
imjgdHsions is n<»t constanth checKeil, if tlieir daily evperuuioes 
are not utili/.cd so as to sliov the piactical healing of*the \\ork, 
if the trcatinciit is dull aiiil insipid instiMil i)l inspiring and 
Mgorous, the Technical ISchool will fail in large im*asure to 
achieve its purpose. The evening student works under so many 
disadvantages, yet poss(‘s.ses so iTian\ good (pialities for the 
uoiiinion^seri ice, that the internal eflieiency of the school is of 
paramount importance. All the preceding jiortion of the book 
has been directed tow arils indicating the eonditio^is which 
enable teaching to attain the Ugliest efticiency with the least 
expenditure of effort. 

Now there are |,wo things which a student should acquire 
in a T^chnijal School — one is Knowledge, and the other is 
^\ll. The first of these is popularly supposed to imply brain- 
work, and the second hand -work. Thus one generally speaks 
of a learned physician apd a skilful surgeon. But the two • 
are rarely independent of one another^ for the w^orkraan’s skill 
increases with his knowl^e of the propeij'ies of •materials 
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and of tho proccHsea l)y wliich they can bo wrought and fashioned. 
And again, tho practice of afiine art constantly adds to man’s 
knowledge of tho world about him .• It will be appareni? that in 
all industrial life mail is iirimarily Vngaged ift acquiring and 
exercising some art such as cutting anef jgiiiting timber ,or 
stone, filing, machining, or fitting metal, carrying out chemical 

0] )crationft on 'a large* scale, splitting off coal in the largcs^iaies 
that can bo handled, making rapidly neat, accurate/’ drawings 
from sketclies and so on , and that ho comes to the Technical 
School to learn more* about the ]>rop(*rtios and itrengths of 
materials, the' nature of procoss(‘s, tho mode of ilction and 
oflicioncy of machines, fhan ho can l(‘arn by more oliservation 
in tho factory, the workshop, or iho mine Morrovor, it will^ 

1) 0 ecjiially clear that flu* f(‘w hours a week which can be* devoted 
to the Technical School an* insignilicant in com])<irison with 
the forty-eight or iift\ four hours in tho works, and that the 
school is iKit, and cannot bo, a competitor with a full-time 
industrial occupation in de\ eloping skill in a jiracti(‘al art. So 
that tho function of tlu^ school is to do\elop ^rhat knotv ledge 
and initiate that skill which are not nominallv developed in prac- 
tical life, and which arc yet necossar\ in order that tho student 
may become a more eflicient unit in the industrial world A 
very Hiiiall accpiaintanee with the hopes and desires of ^technical 
students, and with the modern tendencies in industrial organiza- 
tion will show that technical training is generally entered upon 
in order to escape from mamial labour. * The student sees 
quite early in life that knowledge, added to the skill which he 
obtains in earning his daily bread, will qualify him for a position 
in which he will obtain higher wages, greater liberty (If action^ 
and an enjoyment of the sense of power in controlling tluJse 
very operations which he is now* carrying out under supervision. 
In the school, therefore, skill is subordinate to knowledge, and 
it should be confined almost entirely to supplon;entiil^ rather 
than duplicating^ the ‘daily practice* of the pupil. Beyond this 
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conclyHion further discu'^sion (le|#iuls upon the. teacher’s eon- 
ceptioii of ^he nature of kii<mle<l^^e and skill, and tlie methods 
of their netjuisif ion It will lie eonxenient to consider knowled|j;e 

lirst, and skill iS a later cfiaptei 
t If any m«in will look hack over his past life— not merely 
his school or eoJlegi* e\pi‘rienc«‘s ami w ill ri'call how he has 
ac«f1iyi*l Ins jenow Icd^e. he will he ahh* to classify tlu^ methods 
of ac(|ui'?ttion undiT th(‘ heads ol scimmu. heaniiji. tastln^^ 
siiK'Hin^' aiul iei^liiijn These* M*n''(‘s di M^^ht, hearin^% taste. 
smeU and ftauh h<t\e heen tciiiiTd the live {;atcwa\s of know" 
led^'i', hei^iise llft‘\ <ir(‘ the iikmiis h\ winch man enters into 
relfitioi^ witli tile \\,orl<l around him It he isohiti'S ciTtain 
Jiranchcs of knowledge .ind coiiMihu’s (aiefnlK how In* ohtaimsl 
his information he will reali/<‘ that In^ knowlcel^e ot matiTial 
things, solids, li(jnnls. gas«‘s length \»>him(‘ .ind weight, and of 
natural jihenomena Mich as light, Imat, ami sound has heim 
oht<yi4cd in the lirst iii'^tam e h\ actual (‘Xpcriciice* IJis first 
and most lasting imjuessions, ohtamed m hah\ hood,* are from 
actual contact .with mateiial things A Merciful Provuhuice 
has ordained that tins direct contact shall jueeede* theimpeifoct 
exiilanatioiiM of th(‘ hum.ni tongue, .iml no < hild is cajiahle. of 
hemg misled hv speerh until he shall «il le.ist liave had lyi 
opjiortuiiity of getting little first-hand mlorination about hw 
physical and material sui roundings 

Very soon - long before school .ige is readied ^le (‘hild 
begins to ask (luestioiis and A'ceive answers Eveiy answer 
is turned over in his mind and conijiaied with what he already 
know’8. Those whidi tleal with matters more »»r less closely 
related to thi^ facts of experience are umlerstood He believes 
wliat he IS told, and this belief enters his mind and becomes 
part of his mental equipment, ready m its turn to receive fresh 
additions. But answers on,matters remote from his experience 
remain in tlie*mind, if at all, as a merp cloud of words, which 
wait fur their meaiung m some further cxperieiicy or ohbrivatiun. 
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TheHo coiiNidcrations n\i(m the influence of old knowledge 
in the asHiinilation of new Every one knows that the early 
fessona in a lu'w siihjirt are the most dillicult, and wken some 
know'l(‘dg(‘ h.is keen <ie<|iiired jn’otfress is in(ieh more rapid. 
And here, too, w(‘ have the evplanation of .the diflicultv, yav 
the mipossihilitv . of ^Mvini^ ri-al Teehnieal Edjieation to schoel- 
hoys Kriowfledj^e, then, is partly e\penen<-<‘ ol)tained*i^t ^irst 
hand, .ind paiMv Iw^lief obtained from the authority feaehers 
and text-hooks ExpeneiKs* fiirnislu's tlie basis by whieh belief 
IS niad(' possible *Hene,c . 

hi hmikuHf tinr ifimnid jiiactiritl irorl: should , cmik fir, s( u ml 
the (liscu/^siou <iu(l < (l<n.'>iov of ii.miIIs ,'ihould come affniards* 

The growth of knowledge b\ tin' <iddition'of beli(‘f to experi- 
ence IS, how(‘ver, not the only nu'ans, espeeialh at a later stage. 
Th(' id(‘as of experience and belief eombine to form what may bo 
called a e(‘rtuin mental picture The re-arrangement o,f^thcso 
ideas miw form a new pietuix', which, in so far as it aids in the 
appreciation of mwv ideas, or prompts to nep statements or 
constniotions, or suggests mwv relations, may b(‘ regarded, if not 
as new knowledge, at any rate as a new form of old knowledge. 
And not a little <d the teacher’s business is to assist m this re- 
arrangement, especially m later \ears 

It is, of course, ob\ lous that a boy aecpiircs many experiences 
of materials, tools, jiroeesses, and slnictures before he enters 
the class, and in all cases he -lias .some aOi[uaintance with his 
plusical enyironment by merely living in it. Hence arises 
the argument that boys engaged in workshops do not need 
such adventitious aids to leannng as models, specifiiens*, and 
experiments. In a limited sense this is true For if it vVere 
not, the old jilan of lecturing w ould have been a complete failure, 
and few’ students would have learnt anything. There is the 
old story of the mathematician who, during a fcolid&y visit to 
Germai\>', was being shown over a \iniversit} building. Notioing 
62 



GENERAL PRINCIPLES 


• • 

an unfamiliar machine, he asked \Wiat it was. and on being told 
that it was an air pump, remarked. “ Really ’ 1 have lectured 
on the %ir pump for twenty-five years, but I never saw onb 
before.” Neverflielcss, we ijiay suppose his lectures had not been 
en^rely unfruitful, ^md a few terse <leseriptive sentences or a rough 
sketch will convey much to the mind of an intelligent student. 

^’hete is, however, an enormous difference in»the*obsorva- 
tional povkLTs of different people*. A dozen men may look at 
one thing and retain a dozen different impressions Kssentials 
are .‘j() mixed ^\lth accidentals tlmt the untfain(‘d mind fails to 
separate ttiem, and though each ihtsoii’s mental picture may 
contain th(‘ truth, each has associated with it some little detail 
which gives il^indu idiiality Now*, if the rc.siilt of this untrained 
observation or experience is to bo u.sed as a model w'hich is to 
help to explain some new piece of knowledge or mechanical 
device or cliemic.il process or what not the old is to be used 
as the^ interpreter of flu* new And a.s the mtiTju'i'lcrs of these 
tw'elvc students diffi'r among them.sel\(‘s, llic\ will speak each 
to his own imwter in Ins own langiiagi*, so that the teacher’s 
explanation, however clear and succinct it nia\ Im*. h^eomes a 
veritable babel of lotigiies 

This connection between the new and the old leads to the 
familiar educational maxim that — 

Tfacliimj should prucetd ftom the mou io the less familial’. 
This may be axfire^sed in another wa\ » 

Suppose the ligun* A represents the tiold of a student’s 
knowledge, and the figure H, a l)od\ of know ledge w hich it is 
desir^blo^that he sluAild know Then the teaching shoMld start 
frojn some point within his original field of knowledge and extend 
the field until it includes the figure B, as shown in the diagrams — 
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Tho fiindanientul fact 1 h that this now knowledge can 
bo ahsorliod b\ expansion of the old. Imt it^ cannot be 
juishod in from outside There ^iiust be a starting •j)omt C, 
within the boundary of A, from which inituHi advances must 

1)0 made • . 

« 

Before illustrating this point it will he cUsirahle to extend 
the idea*a litlle further. If th<‘ li(“ld of knowledge; of an*ajc*fage 
.sehooll)o\ b(‘ r(‘presented by X, the Afield of 
knowledge' of <k l)oy who has entered upon an 
industruil eVeupation is rcjiresi'iited an 
aelditiou V to this iiguri',* .so thjjt the field ^ 
uiion which thee teacher has to draw for il4istrati()n is laj^er^ind 
his starting-point has greater freedom The figure X will 
larger for the lioy oi better gc'iieral education, and the figure V 
will increase m size with the longer peiiod spent in th<' workshoj). 
The s[»aee V rejiresents the industrial knowledgi' eliiefly exjieri- 
eiice- .which the student po.sse.sses l\)r a ])oy who htfs»beeu 
ill the wHirks Imt «k short tinu' the figure X will be the best 
position for the staiting point in the case ef some subjects, 
but not‘others, l<\>r a man the more recent experieiu'cs of the 
workshop will be found within the added figure V. 

, In his ease the point (' should usually fall within the figure 
Y, aiul not within the origiiuil figure X 

If no such starting point Within either of these figures can be 
found, then the area must be enlarged, and this is most effec- 
tively done l)y adding ( a peril Ace through appiopriatc practical 
exercises 

In order to illustrate the method a few. examples will now' be 
worked out in full. Supjiosmg a class is commevieing' the study 
of heat. Here no one portion of the subject — thermometry , expan- 
sion, calorimetr\ , etc.- can be treated fully without involving 
one or more of the others. A boy yho comes to the preliminary 
technical class is sure to ha\e some notions of thf- effects of heat 
but they will probably be vague.'' 
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Tho first stt^), thorefon*. is to e^anuno the kiiowlcdfio of iho 
class, correct false impressions, coiisolidato and, wliero iioce.sar\, 
OKtend tjio 'htUfU-nts’ ijcncia^ .UMjH.iintance with the suhjj'ctf 
According to the«l»‘st piMctwe, a (jm‘.stion asking for .i st.itt'meiit 
of all the effeits eacli*ho\ can think of wouM lie sot hu‘ home- 
wgrk .1 fortnight prcMouslv Iml d this has not been tlone, a 
.sori''s oi (jiicslioiis will s('r\e to (‘xplore the land • 

\Vha% l^appciis wlien walor is hcatisl ^ lltiw tcstisl ' 

What liappciis when water is eooksl < 

What ha^ipeiis when water is Jxulisl in H ketth* ^ 

What 1 ippens^when a eold siirfaeo is held near tin* spout 
ot a hoihiig*k^ttle ^ 

What hajiyiMis wlfeii sulphur, iron, brass, etc , ar(‘ healed ^ 
* What hajijicns ^^llen \ou hold the jioki'r with on<‘ (Mid in tho 
liie , or tho handle of teaspoon with the howl in boiling water 
or hot tea ^ And so (ui 

Suitalile e\p(Miin(Mits should Ik‘ pri'pared lieforeh.ind so as to 
(Uspef any Ignorance th.it ma\ la* (mk ountiMcd 'I’wo eipifs ha\o 
to he<i\oided One is to assuni(‘ that imiin's.sioiis obtained ontsido 
this [lartieulai lesson or senes oi lessons are full enough, el(‘ar 
enough, accurate cMidigh for tin* st.irtiiig jiomt, and the other 
is to assume that tho students know nothing 'Hie teacher must 
( \plore the student's mind, Imd out what he knows and doe* 
not kiKiw ,ind act aeeordiiiglv The knowledge ma\ then he 
Hvstimalized hy eomp.iiiiig the elks Is with oiIkms wlueh in\ol\e 
permanent allA-ation, o\id.ition,^.ind eomhustion tlionjh these 
naiims need not he used 'J'lus di lines tin- iu*ld m the legion of 
tho point (' more exactly I'lien the ideas which are necessary 
may fee bummaiized *a.s follows - • 

Jleal — 

(1) Oauses an alteration of tempeiatuie 

(2) Causos an alteration of size or \oluine. 

(3) Canscb an .illeration ni state 

(4) is transmitted l)\ conduction, nmvcCtion, and radiation. 
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The wiiy ih now prepared foi a study of thermometry and the 
aim of the teaching is established. * 

* This pro[)arat ion enables the clans to enter upon the systematic 
study of the thcrinoinetno scales, ^he methodt of determining 
the fixed points, and so on ' , , 

The students should perform the following, experiments 
lmm<frs(' a thermometer in clear ice and leo containiiig swne 
suit .. ' 

Immei‘s(‘ a thermometer in steam from («) boiling water; 
{h) salt solution * « * , 

Also in the water and the solution. .. ' 

The results should be stated and briefly discussed. Next 

* * f* 

the scales of Fahrenheit and Centigrade thermoyieters should 
be comjiared. The students should see that 'on the Fahrenheit 
instrument the distance from freezing jiomt to boiling ])oint, 
the number of divisions or degrees is 180, and for the same 
range (d temperature the number of Centigrade degrees js 100. 
At all ])OkMts Fahrenheit and Centigrade readings representing the 

F - 112 9 

same tern peiMture are related by the eiiualion* The 

euryc can be jilotted from this eijuatioi., or with a weaker 
class eorres()onding rea(bngs can be taken experimentally, and 
the eurye plotted. 

U]) to this point the students haye been “ prepared ” for the 
new knowledge, they haxe then aeiiuired the new' knowledge, 
and they haye obtained a general statonieut of the new’ know- 
ledge in the eipiation or eurye. But the teaching has not yet 
achieved its ])urpose 

New’, know ledge is not of much value unless it can be applied. 
So the next step is to use the equation or cuive to fin^ a 
temperature on one scale when one on the other is given, to 
find at what temperature the readings are equal, and so on. 
Ineidentally it may be noted that the equation and the graph 
can be made the i^tartmg point ^for an investigation of the 
G6 
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^ • 

relationship bet^^eon them. Tl»is tlie attention of the eljiNs 
may be drawn to tlie form of tho eipiation and tin* toim ot 
the gru^ih, and it may be iihked whether an\ eijiialion of that 
form ^\lll j)ro<Juce a .Miijlar <rraph A miinl»er of eciuations 
ill Ji and y are jheii \\orke<l onl and the le.Milt.s |)loit(‘d In 
this wa\ the ^'iaplinal solution of Miniiltaneou.s equations is 
piACtifed, .iml tho student learn^^ somethin^^ of th(^ equation 
to a .%r141ght line. 

Hefore [msMiiu to another e\amj)l(‘ it ^\lll lie well to state 
aj'.ipi the«st('ps in teadiinjr ahieh weif‘ used in the last 

OIU' • 

,1- Theie was the pnqiaration which resulted in the amt 

I • # ' ' 

bein^; if not^ stated, at li'a^. understood 

II —The newlviiowhsl^e was acquired inainh b\ ex])eriincnt, 
and also bv diMUsMon with th(‘ teacher 

III --The knowledf^e obtained indiMdually by members 
of tly* class was brought tog(‘ther, and the se\eral results 
agreeinjr, was expressed as a general rule m* rule, si 
IV -^riiis g^'ner<d rul(‘ was a|)plied to particular eases 
It should be noticed that tho procedure wa.s from ^mrtjoular 
to- general and baelT again to jiarticular 

Further, it should be remarked that the limited number of 

t 

oxjiennientH and observations do not jirove tho rule — they only 

suggest its f/( fural eharaeter. Butdii the tinal .stage every ajqilica- 

tion to an indnidual ea.se which gi\es a reasonable result is 
• • 
further evidence dl validity • 

The serious business of reasoning occuis in Step 111 ,, where 
the student has to review his experiments and observations and 
to fSrmulate^ hiH conclusion. Not all exjierimentH or observa- 
tiiJns are so simple that the bald truth stares tho class in tho 
face. In most case.s individual results have to be compared 
and contrasted, the accidentals have to lie rejected, and tho 
ossentialif haiie to be abstracted, befon^ formulation can lake 
place. Whether the experihients in Step* 11. ^re donp by the 
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toachor or flio sfndoiil h oftoi a matter of expediency. There 
are maii> experiment^ from th<‘ j»ei*forjiiance of x\hich the atudent 
learns liltli* except iiow to waste ^mie Hut there ar« others 
in wliicli (Irst-liand kno\\lede(> .ind* piTsonal Observation are 
eHsentiiil, -iiid 1he''e .slioidd lie tiu' students’ <p\n work 

Th(‘ m.iiii point .i-lmiit tlie sNstem is that \{ represents the 
natur.il xfa\ in wliK'h m.in ae(|uires know'ledf/e FirStpj 
slow and tiliorioiis aeemmilation of individual fae^s next, 
the comparison and contrast, tiu* amdysis and, classification , 
then the foimuLilioi^ of a j^eiu'i.il Kiw , and, l.iMly, the apiihca- 
tion of tliat l.iw to still unm\esti;^ated partivular caf.es 
Another illustiation ma\ lx* selectisl from methianics , 
linai^Miie .i <’lass ot .students who ha\(‘ completely the sfudy of 
volume and its measureiiuMit , and with whom* it is now desired* 
to proceed to tin* studv of force 1’he sinipl(‘>l nolion ol force 
within the students’ experience is wei^dit. or the resistaneo 

which lias to be exerted to balanci* a weiaht 'I'lnw are asked, 

* ' » » 
tlierefon*, diow wei»i;hts an* eomp.msl Both the Ixsini balance 

and sprinj^ balance will la* nnntioned, ,ui«l it rcallv m, liters 

very lit (hi which is selected lir.st lor studv It tin* spring b, dance 

IS ehosi'ii, it h‘ads to ,i study of ehisticitv aiiA if the biMiii b, dance 

is^ehosen, il h'ads to the notion of the moni(*nl «>f force Anyway, 

the aim of the teaching having been .sl.ited, the e\])erinieuts 

are performed, the results disyiisasl and the general eonclusion 

stated. In tin* case of the sprfng balanee in which the result 

will be eompaied with the otiier el.istic hudies* tin* general 

coiicliision or formulation will be Hook's Law On the other 

hand, the conclusion from experiments with the beam balance 
• •» 
will bo the eiiuation of moments. FinalJv, the applicatKJn in 

both cases will consist of the solution of problems, the data«of 

which offer no special dillicultv to the students. 

It will be of interest now to consider an exani})le in which 

the starting point C is outside the iigure of commotUxiiow ledge X, 

and lies .in the annulus Iietweeu this iigure and the figure of 
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inchutri.il knoA\ ledge Y ^ Con'^id^ a elas«! of Puilding stiidcMits. 

atlcnding 4 eltisfa in the Hi'ienci* of Ihnlding Materials and Slnu'- 

• 

tiires. *riio opening is a (pfestion as to the nature and use ot 
tlie material uhiehjs jilared between the courses of the briek 
wall of a dwelliiig .ibout a |oot from the ground It may bo 
assumed that tlft' students ha\e some idea what a damp course 
Is. jinid w’ha 4 jmrjiohe it serves, either from experience on a 
building t)r from the class m IhiiMing (oiislrmlion lienee 
the .inswer will lx* obtaiiusl that bucks prrmit water to soak 
upw'ards tTirougb them. 'rben*eome tb(‘ ipiestioiis Do all 
building luatc^l,l^ soak up water ' Do all s«>ak up watc'i to 
tht‘ sai^ie extent ' iVbat is tln‘ peculiar stnudun* winch imabh's 
.water to ris(*abo\e its ordinar\ le\cl 

This tixes fh(‘ aim <if the Icai’hniL^ and th(‘ sludi'iils .ire 
prepared for tlie following expi'i’iments .ind disnission 

I A dried buck or tih* is s(.j on cinf m a sfiallow dish of 

• • water, ,md the use of w.itcr is obscixed 

« • • 

- Sm.ill bbs ks of buildmj/ matcnals an- <liied ai^l W(>ighcd. 

so, iked in w.iter, wiped ami w<i;jhc<l .main 

II Discussion ,is^((» th(‘ stimtun* wliuh p<‘imits this .ibsor)»- 

tion ddie n.iture of poiosi(\ tine ch.innels or tubes 
Ix'tween the ji.iiti<*h‘s .im* suggested ^ 

t Tlu’ hypothesis IS ti'sted b\ immersing one end of small- 
bore tubes 111 water • 

o. Other Jlustrat lolls of cajullanty ,ire sjioun and Jibe name 
of tin* jilumomenon is»gi\en 

Then follows the statement 01 formul.itmn, and apjiheation 
to other cases - su^di as lead flashings, eflei t of iiorositx of 
building imUenals for \arious purposes, iidluence of frost, 
etc., on durability. 

The foregoing examiile is important for two reasoiiB. A 
cursory examination will 5e\eal the fact that it shows very 
clearly th*e rcktioii between pure and applied science — a relation 
which hi very near the actual conditioiiij of practical life. A 
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closer inspection will reveal tHb fact that the method is ex/ictly 
siinilar to that used m the tirst two illustrations. The student's 
attention is claimed from the first by selecting a startiifg point 
which appeals to his interests, and the linal applications prevent 
any feeling that th(^ excursion ^to pure science has been 
unjiroiitahle. 

As a hAer portion of the book deals in detail with the mabhocl 
af teaching the mor(‘ important subjects, it will snlllire nere to 
cinphusr/(‘ again lh(‘ import.niee of the jioint ('. Mechanical cand 
Klectrical Kiigm(‘ering and Oheflucal Industries, tor c-^ample# arc 
becoming mon' and nuire highh specialized, ;*ud ll^' technical 
mind-content of th(‘ pupil depends upon tlu\ particular ob^ects^ir 
materials manufactured, and devices mnployed in*'he works in, 
which he is imgagisl. M’hesc* an* facts which tke teaclun' cannot 
afford to ignore* , a mechanical principle or a chemical reaction 
can he taught more readil> through familiar tspes than in any 
other wj^y. 'riie starling point is determined by the cluiraottfr of 
the local iildiistiy , and the know ledge of the student expands out- 
w'ards in e\er widening circles fiom the more to the less familiar. 

The r«wh‘r who has poiuh'red the foregoing renuirks will be 
prepared for the statenu'iit that the unit of teaching is not the 
ii^lividual les.son, but a clearly delined portion of the subject, 
which mav take oiu* or more lesson-p(‘riods for its ,adcquatc 
treatment The idea of a les'.on-period as the unit arose from 
a misconception of the nature of teaching. The teacher felt 
that it was necessary for hiin^to cover the whole course in, 
say, thirty lessons. So he adopted the obvious plan 
of dividing up his subjects into thirty, little bits, each 
of which occupied one lesson- period. Now, i|, the test of 
teaching consisted of what the teacher expounded and not 
what the pupil learned, this method w'ould bo admirably suited 
for the purpose. But the deternyning factors are the way 
in which the student , acquires knowledge, anil the logical 
struotura of the^subject. lu all subjects it will be found that 
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the fa^ts, phenomena, and principled arrange thcMnK'i\ cs naturally 
in little groups, and within each grouj) there is much clos(*r 
relationMiip than between the^ constituents of two gropps Now* 
if knowleelge is to be of rfny use at all, it must be «>rgani'/cd 
k!it>wledge. and tin* relations betw(*cn facts are e(juall\ as iinpor 
tant as tho facti^ themselves There is not a single subject in 
tho'\iih*>le rayge of the technical school curriculum which lends 
itself na\u*all\ to an empirical <li\ision into thirt\ Icsson-periods , 
so tha* to make this the basis of the tiwbing is to bieak down 
the Vigical^'clations which arc iftherent in*any bod} of useful 
knowledge.^ KlTetitive teaching dein.mds that this taliloid treat- 
ment ejiould l)e modified in several jiarticulars 
^ The first f^ep is to ensure that the suliject is written out for 
tho w’hole session* in sections, without reference to the amount 
which can be done on any one e\ening Th(‘ second slt‘p is to 
arrang(‘ that the class teacliing shall in<‘lud(‘ a g<*neral introduc- 
tor\vi^scussion at the comincnceinent of eacli section, and a final 
review and summing up of the whole fiekl at the en<l (>f it. The 
so-called lesson^ which have been outlined in tins chajiter are 
not necessarily intended to be comjileted in one evening They 
are intended each to illustrate the treatment of a small organi/ed 
body of knowdedge which is to occupy just so long as is nccessa^ 
for the students to acquire it. The isolated independent lesson 
may occasionally contain the wheJe of the work of a section , 
then and onlv then docs it constitute a unit of teaching 

The third step* is to make*an estimate of the number of 
evenings required for each section, to draw uj) a list of experi- 
ments to bo pcrfoi;pied by tho students and by the teacher, 
and to provi^Je additional experiments and exercises in drawing 
or*calculation to fill in the time of students who work quickly, 
and, if necessary, to fill up the time of the whole class when one 
section has been completed, jand it is undc.sirablc to start another 
on tho ftimei evening. It should be ^ noted that tho scheme 
drawn up is a minimum scheme to be followed by ever% student. 
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Addition to hiich u 8ch(‘ino is ftisy. A^maximuni or ideal sghemo 
which is aimed at hut never reached leads to confi^sion, and is 
unsatisfactory as a [ircjiaration fftr a subseijuent yeai^'s work. 
The clever student (‘an always ho Vestrained with advantage 
hy heing given more difliciilt exjimplcs to w'ork out without 
neccssaiily encroaching on the next year’s syllabus. 

It wilf h(! apparent that the method which has, been outlirfod 
IS ca|)al)le of the full<‘st apfilication to the early stages ftf subjects 
in winch the student has to arrive at a series of results w'hich 
can be summari/.csl m (‘a(‘h casf by a formula or short statement. 
Thus it IS peculiarly suitable for Mat hemal ics^ind E^}Wimental 
Scienc(‘ Hut there are otlmr subj(‘ets, like i\Jlachine and ljuildmg 
(Jonstniction, and Trade subjects ginu'rallv, in wUieh the final, 
result (Stej) III ) is a body of knowledge about some stnieture 
or grouj) of structur(‘s, some material or group of matiTials. 

'I’he use of the four-st(‘]) method en.sur(‘s that the knowh'dge 
shall be ac([uired in accordance with the natural inethAsi of 
acipusition, and that the linal n'sult shairbo a fairly clear mental 
picture of the field which has heen explori'd ,Tho fact that, 
instead oi a formula, the student has a jueture whu'h cannot be 
expressed in a formula or simple .statement does not invalidate 
tl^e method. The cleariK'ss and accuracy of this jncture can be 
cheeked and rondc'red jiermanent by examples just well as 
by a formula. 

Whatever subject is being taught, the essential urn’ty of each 
section should be apparent inf the notebooks They should 
represent clearly in .scope and arrangemonl each little body of 
know'lodge which the student has accjuired, ])ut not the amount 
which the teacher has been liblo to include in a, lesson The 
notebook is an outw ard and visible sign of an inw ard and invisifile 
mental state. 
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SKIU. 

On jKigo (iO ailcntioii \\as (lnn\n to the fju I tli.il. in tlie Twhninil 
S(‘ho(#l flu* {K'(jiUhiti(m of .skill, thofigh subordinati' to tho acquisi- 
tion of kinii\k‘(lg(‘^ AMIS still ii(‘ct‘ssarv. No attcnijit uas made 
to tlcliup the term l4(‘3ond the inqihcation that it represented 
(aeiiity m .soim,' art The a.rts uhieh most eoneern th(‘ teehnieal 
teacher are those of sp(‘eeh, Asriting, drawing, and eonstruetion. 
These aie not of equal importan<a‘ Jfefoie the l)o\ n'aehes the 
pr<‘hminar\ class he will h.i\e had twi'he or thirteen U'ars’ 
pracWdi' in tin* use of the mot luT tongue, and all that the (crhnieal 
teacher can do is to encourage him to d(‘\elop it in .Isking for 
information amk in exjiressmg his dilhcultics 

'I’he art of writiij^ lags considc^iahh hchind that o> sjieirh, 
and the power to write clearh and sucdiudlv is not often highly 
ileveloj)(,'(l K^ery t)o\ will ha\e dom^ some drawing, and man> 
Avill havo.lu^d expofKuicc in hand-work at school In neither 
ease, however, have the.se been \le\elo])ed lieyond the stage 
which is necessary for all men, ami the .sjn*eial jirejiaij/ition for 
industrial life is a function of the ftidiistry or the Teehnieal School. 

Now all arts are similar in two resjiects- the\ dejauid in the 
first instance iqurn imitation, and faeilit} is acquired by constant 
practice In teaching an> art it is neee.ssar\ first to show the 
student ho^an operation is performed, and then to let him rejieal 
the process until the desired degree of skill has been acquired.’ 

* (’ieatij;'e Art may, fur our ptirpu-r, lie legarded < <iiisisiiiig merel\ 
of new ''ombinaTlons of old clulm‘nt^ \\ln<li lu\ej»tcn a«.<|Uiied liy iinita- 
lioii and peifected by pravtue 
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In regard to the ability to write clear and correct Ejiglish, 
the technical teacher will probably say that it is nol^his business 
to remedy defects. To a certain •extent this is recogifized, for 
the Preliminary Technical Omrse Mways includes instruction 
in composition, as it is called Pyt a man con only write about 
what h(‘ kinms, and in the Technical School he getting to kndw 
more aiiA more amIIi each week of attendance. U the wurk*tor 
which the student is lieing trained involves not onl\’*tlfc know'- 
ledge, but also the power to eommiinicate that know'ledge to 
others by s[)(‘e(‘h auA writing, if is surely necessary for the teelinical 
teacher to see that his .students acipnre that degree of skill 
which is necessary for the jiroper use of ^heir knowledge. • 

In his control of notebooks, homework, and in«his own w'orlj 
on the blackboard, the teacher can do much fo secure a gradual 
improvement in neatness, arrangement, and orderly statement 
of principles, and in clear and precise descriptions of experi- 
ments,^ machines, structures, and phenomena A little triuiblc 
at the bi'gi lining of the session will be remunerative, and will 
save endless annoyance and disappointment ^it later stages. 
The student ought to be able to express ^himself clearly upon 
subjects w'lthin the limit imposed b} the range of study , to 
^nall mistakes of grammar too much importanci' should not 
be attached. It must be borne in mind that a written 
statement is niori' or less u reflection of the condition of 
the student’s mind. No man, whose knowledge is unorganized, 
confused, chaotic, can write elearly and "precisely. To this 
extent the students’ skill in writing depends upon the nature 
of the teacher’s method. No one can gy through a series of 
lessons conducted upon lines which have been laidjdown without 
obtaining a well-organized body of knowledge. * 

The problem of skill in drawing is a little more complicated. 
Draw'ing is another means of commynicating ideas. It expUiilis 
the object more satisfactorily than wortls, ambis ifiied where 
language breaki^down. No one cun doubt that a skilful wTiter 
. 74 



SKILL 


I 

can dopcribo a machine or a building in such a way tluit 
a person wlip had seen similar niachincs or buildings would 
obtain a 'pretty ^ood mental* picture of the thing described. 
But this would be a^clum.fv substitute for the picture itself. 

All Technical Drawing reserves itself into two aspects — one 
is fnathematical the sense that its main purpose is measure- 
ment fwr the imrpose of calculation , the other is rei)rcsent alive 
111 that ifs Aiaiii object i.s to exhibit sjiaet* relations It is w'lth 
the latter aspect only that these jiaragrajiliM deal 

Ths essential feature ot 'reehhieal Drawing is that by it 
the student l^as to •represent an object having length, breadth, 
and* thickness on a >Jieet of jiajier in which only length and 
lijeadth can bashown in one mow 'Plus has 1 o b(‘ aocomjilished 
according to certain conventions which enalile another man to 
recognize the object winch has b(‘en drawn 'I'he mental process 
involved is a coinimnson of the solid with a flat representation. 
The iiiist step — which occurs in tin* Prelnninarv Technical 
Course, or earlier — is to explain the convention'', and*to show 
how the drawing* IS made After that progress is made in two 
ways Kajudity of ^lanipulation of the jiencil ami instruincnts 
IS attained bv jiractice alone. Skill in visualizing the object 
from its Hat representation (reading a drawing), and in deciding 
upon the r^ccssary l^ic.s in a drawing, only comes by constantly 
associating the object with its* flat representation. These 
statements are true whether sketching or scale drawii^g is the 
aim. Copying from flat exampIOB — even drawing new' views — 
is of very little value in developing the necessary mental process. 
Reasonable neatness and accuracy are esseutial, but the platform 
upon which these two virtues have been elevated in the past 
has hidden the real object of the instruction and obscured the 
true means of attaining the end. Two hours a week is insuffi- 
cient to secure much rapidity and accuracy in the measured 
drawing, ffut^ much less time than that will enable sketching 
to reach a fairly high standard of usefulness. For accurate 
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(IrawingH of oomplioatctl pidi-os of nuichinory the drawing-office 
^is the oiilv frajning ground, and thirty-eight or (orty hours a 
week ia the moat suitalile time t5 devote to tjiem. Tlie school 
ought not to enter into competition wiUi practical experience 
under practical conditions, for, it can only attempt thi» by 
sacrificing more imjiortant instruction. In %he school, as ' in 
the works, (lra^Mng is not an end in itself, b«t a moanT to 
an end. It must be recognized that of the thrtfe ^types of 
student that attend the classes, the average man destined 
for workshop management ^vill never bo required t(^ make 
complicated drawings , the average man who is ip a drawing- 
office, or who will become a draughtsman, will aci^tiireMbe 
necessary rajiidity and skill outside of the school ; and tlyi' 
brilliant student who is destined to e.xerei.se an influence on the 
progress of industry w'lll emjiloy a draught.sinan to do his work 
for him. EvtTy student who attends an evening scliool needs 
praetk^je in sketching real things , if he needs jiracticc in ai^pying 
from outlines ho should not have been admitted. The sketch 
books frequently u.sed ar(‘ of little value for tivaehing sketching. 
One other point A sketch is inadi' by a praetical man to save 
the time involved in a measured scale drawing, and he avails 
liimself of scjuared paper for the purpose To use a jiair of 
compasses for drawing a circle is [lerliajis lustiliable, .but to use 
a ruler to diaw straight linivs in a squared paper notebook is 
stupid. ^ 

The remarks on drawing apiily with equal force to workshop 
skill, except that in few’ cases is the Technical School concerned 
at all with it. There is only one jilace in which it can bo acquired 
with any degree of satisfaction, and that is in tly: works ; but 
aboveand beyond this aspect workshop training is not required by 
students who only attend the school in order to escape the works. 

There are, however, a few ca^es in which the workshop 
may bo a valuable adjunct to the Techmeal SiJIioof. Thus a 
number, of engineering students are engaged mostly in repair 
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work — in the mainteifanco and repair of plant used in some 
other industry Such students have oft(‘n a liinitt‘d ainlution, 
and th(\v*rcali/,o that their i\,tiUty depends u])on their being • 
able to execute tlie work oj tin* Miiilli, 1 h<‘ titter, tlu^ turner, 
tlie i^iieet -metal worker 'as oeeaMon re((Uir(‘s A bod\ of students 
of iliis type ean^e provided ft»r in a seliool norkshoj). No 
vei 7 rapidit\ or (h'gur ot skill e.ui be secured, ImiI they 

are not Ifkijy to be e.illed upon to work in compelitiou with 
highly skilled men 'I'lit' mam thing is that tlie\ shall know 
how to set al^nit a job when the n(jj'(‘ssit\ ,iri«es vSuch instruc- 
tion shouk^ cover as wnh' a range of mat<‘n<ils and pro(‘csses 
as pyssible, amt m eviTv lase something ot leal value, as ad<‘\jeo 

or machiTu*, should be* m<ide 'I'ImI is to sa\, then* is no need 

• • 

to aim at skill bv*eonlributmg to the sriMji-heap To put a 
jiiece ot metal in ,i lathe and to practis«‘ operations on it until 
it IS reduced to a hcaji of htth* helices is imliistiiallv immoral. 

It Is better to have an .ichievemcnt in th<‘ hum of rAugh work- 
manslii]) than to have •nothing to show tor the labour • 

TIktc is one marked difleieme between tin' training obtained 
in this wa\ and that obtaineil in the wiuk^-hop In the latter 
the number ot houvs^nd the com entr.itioii ot .ittention de\eloj) 
a sort ot iiistinet m regard to the properties ot matefials, which 
gradually reacts ujion and imju'oves skill The limited tinn* 
in the .sehool*^\olksn^lp renders it iiee(‘ssar\ to aeeomjianv tin* 
practical instruction with a senes ol lessons on the pioperties 
of materials, the nature ot processes, ami the proper ftinetion 
of various tools This workshop science is imt an easy subject 
for which to find a teacher 

Another purpose for which an engineering workstioj) is 
desirable is for use in connection with the class in machine 
construction. Owing to the <iivision of labour in a modern 
engineering w'orks, many students have a verv narrow range of 
experience 411 ^(jgard to those Workshop jirocesses which niflueiiee 
construction and design. The question of vworkshop economy is 
77 
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one which is of increasing ynportance, ai!d which is a necessary 
corrective of the academic charact^ of many of the so-called 
• machine-drawing lessons The , teacher will, as a ^natter of 
course, be familiar with the kind o^ w'ork the Undents are doing 
and their facilities for seeing other operations ; and the existence 
of a workshop will enable him'co give demonstrations from time 
to timaon materials and processes which will greatly* enli«fnco 
the value of his ordinary instruction A few lessons^oiv moulding 
and easting are ]iartieularly desirable, owing to the fact that the 
foundry is often a separate jwgaiiization. i 

111 some other trades the workshop takes a nrore definite 
place in the teaching. Thus in building, a marl Tii any ope of 
the separate crafts mav have work of wideK varying character 
to eairy out. dobs are frequently arising which reipiire specfal 
knowledgi', and the general training in the joiner's shop or in 
dwelling-hous(‘s is limited in scope. It is u.sual in (’ity and 
Guilda of London Institute subjects bearing on this industry to 
have 'workshoji classes on one evening' a week This work is 
generallv a.ssoei<ite(l with the theoretical instruction. To a 
certain extent it covers the e\erv<lav work of the students, 
but it also extends much further. It ddals with knowledge ot 
workshop processes and construction which it would be impos- 
^sible to obtain by an ajiprouticeship under most builders, and 
it aims not so iniieli at the awjuisition of skin as at a wider know- 
ledge of construction The exercises dejiend for their solution 
upon the skill which the student has previously acquired and 
is acquiring in full-time industrial employment, and this is 
characteristic of all the jihases of workshop instruction w’hich 
have been or need Iw considered. 

It is possible that this statement will meet with &ome 
opposition. It depends in the main whether we look upon skill 
merely as the ability to cany out a piece of work, or as the 
ability to carry it out witli such speed and accu/iey as to give 
the achievement a doiinite value under iiulustrial and commercial 
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compt^tition. ProbaUly there arc a^umbcr of tasks in Pliimbinp: 
and in high-class Joinery In which knowledge and skill in the 
oidinary^sense are required, but in which tune is of less con * 
seipience In tlAt case th^ school workshoj) is of value. But 
a jiluniber who has oifly done lead liuniing in a scliool workshop 
wquld make a jioor show at rc^iairing .sulphuric acid chambers 
inborn ]»ctit ion with men whose experience and practuMJ can be 
measure^ m ycais. 

The relation of worksliop training to the instruction recpiired 
by the artisv^ ought to make it am»<u*t“nt thiit the j)ractical and 
thcorelica^t caching cannot be m the hands of ditlercnt teachers 
if the re.sult if to be satisfactory The w nt or i.y credibly informed, 
however* that this scjiaration docs occur in some schools. A 
ifhivcrsity jirofessor may lecture and set an assistant to coiiducti 
the laboratorN \\ork, but that j.*' no guide to Technical School 
procedure The c\j)l<»nation m the case of the unniTsity is 
simple, and need not be dj.^cu.‘"'ed .Ml that need a*iid. indeed, 
can lje*said of .such a i|*r<U‘tice in tlu* 'rechnical S(*ho<^l fs that 
if the tc.Lchmg is to be eionomical ot tin* .students’ time and 
cflort the class-work and woik.shop practice* niu.st be^ in the 
clo.sc.''t jiossible ass()?*tation— tlu\\ must be one and indivisible. 
Any defect of this kind can onK lia\e re.sults w’hich bring 
• Technical Education into di.srepule. 

There i^imothCrtind of skill which it i.s important for the 
teacher to understand and to j)ro\ide tor. Tlie early exercises 
in many mental opciat ions —multiplication. diMsion, log?iritlnnK, 
the shde rule, algebraic factors, etc -in\ol\e inlellcctual effort. 
The process is at tir.^t slow and laborlou^, the student has to think 
hard, and it takes a good deal out of him But it is mfeessary 
* if higher woric is to be attemiited for tliesi* operations to be 
performed mechanical ly and almost without requiring serious 
thought. In this way the mind can be concentrated upon the 

new work. * 

• »• 

Here again we have a case in which practice makes ^rfect. 
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Every proeoHs of this kind sjioiild be redikod iis fur as possible 
to subconscious elTort by such frtiiueiit repetition tllat its 
•perfornianc(‘ Ixs oiucs a habit Jn some cases, therefore, it 
may !)(> necessary to ^ii\e purely ^nechanicaf exercises to bo 
worked against time (H\ a mechanical tt'st is meant one which 
calls for no thought ajiai-t frfiin the particular operation .of 
which lit is an example ) * ^ 

Hut if this IS attmnpted, it should be in the early ^)ai|f of each 
session only, and its jmrpose should bo to recover ground lost 
during the sutnniM*. Wlum ,1he session has fairly, started the 
work ouglit to bo so arrangisl that an important jiRjcoss once 
learned is constantly used Every good scheme* of teaching 
provides its own i)rac1i<*o and its own rev'ision. This Lspect.of 
the subject can be carried a little further iThe accinisition 6i 
skill is essentially the formation of habits, and there are habits 
of thought just as there are haluts of muscular activity. This 
means tli<vl the constant repetition of a mental ]>rocess— an 
order ‘of thought, or a form of rcas(«» mg— tends in time to 
(lominato and direct the whole mental activity The method 
ilescribed in Chapter VI. controls the minds ot the students 
to work along lines by which from time Mnmemorial man has 
uequu’tHl Ids organized knowlcdgi'- of the world about him It 
'develops in the truest sense ii h.ibit of learning. 

This habit is not merely one of acquisifru/u. TIio‘ method in- 
volves classilication, companion, the exerci.se of judgment, and the 
use of Hvpotheses in vStep III , and in the Uinds of a reasonably 
intelligent teaelua- it encourages initiative and develops resource 
in Stejis II., Ill , ami IV. The question may be asked— 
Why, if the method is so rarely followed, is suceess so generally 
achieved ? The fact is, habits of thought have been developed 
ill some eases before the student reaches the Technical School, 
and ill all cases it is a more or less hereditary attribute of the 
human mind, which is reinforced a’nd perfected b\; cyiitact with 
the material workNroiu infancy onward. The student's mind 
* * 8o 
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therefore works to H(#no extent imJepeiKlently of the teaelier’s 
me^od, and he succeeds ii/spite of the teaclier The contention 
is that iW is the student, iiftej all, who must he most mentnlly 
active, and if th^ teacher contnils the order that it is in 

harinonv with natural* mental processes, progress w ill be easier, 

• * - • 

sounder, and moija rapid. 



CHAPTER VITT 


'I’HK MINOR DKTAir^ OF TRACnJNO • 

Having disoiiHsod ^iio genorul principles which unJorlie sound 
instruction, it is now desirable to consider some of ‘the minor 
details of method, and to examine some of the tdrms whicl\ are 
in common use. 

Eirst and foremost is (luestioning Theitj are many classes 
in \vhieh the \\hole of the work is a})parently done by the teacher. 
He lectures, and the students sit passi\ely oi take notes. It 
has been slibw n that however el(‘ar may be his exposition, however 
skilfuriiv may be in the choice of ^^ordH® however great may be 
his judgment in saving all tuid only that which is necessary, 
the varying mind-contents of students who are breaking fresh 
ground w'lll inevitably lead to misundersfiwiding In the case 
of an older' and more advan(*ed class the danger is not so great, 
but eases m which a lecture metluxl alone can be adojited wdth 
im|)unity are ran* indeed Moreo\er, thcT" are ctlntmed almost 
entirely to pure description. 

Of cour.se tlu' lecturer cap ascertain iRnv far his teaching 
has been understood by setting questions to be answered at 
home ; but in the first place there is the possibility that the 
answers may be co]>ied from a book, and m the second, "it is a 
cumbrous method for the detection and correction of in4nor 
inisconcejitions 

It may be taken, then, that (juestions should be freely 

addres.sed to the class, and that tKe class should ^'e encouraged 

to put questions td the teacher. The pruiciples laid down in 
‘ < 
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the pje( (‘<lin<^ cliikj)tor wil^ indicate that, this questioning should 
bo organizotl and of sot y>ur|>Oht* 

At tRo bepfuiyinf^ of the ikA\ portion of the Mibjeet, the object 
of <inestionin‘< i.s to ^iseerftiin the presence or otherwise of tin 
ideas which arc necessary for th(‘ assimilation of tho new 
khowlodjjje. At tfo other st.iire of the tea(‘hinj< is the skill and 
ju(l"ittent of .the teacher so clearly brought out ^liist the 
neccssaiA' ^(lc.i>> and no others arc wantcil The soaalli^d 
‘■questions on back work ’ wbieli are often asked at the eom- 
inenev'iient of <t les.son are too ffeijiienth useless So inueh is 
asked that Jlie sUidiuit b.is onlv a confused mass of idi^as — 
mat('ri;i^ and immatiTial in Ins mind and onlv the sharper 
o4e.s, who e<uii learn more or less independent l\ ot the teacher, 
are able to erasp riMdiK the new knowled^^i* presiaited 

Questions an* aLMin asked to stimulate thi' stndiaits to 
de\is(‘ nit'diod, <»f evpennuMital en(|Uir\ llorr^ a^rain th(‘ 
stud('«k <>u;;ht not to la* told to do (‘\|»<'nmeiits willioyt first 
heini' led to (Innk hou' tiny ma' he dota K\en if tlft* nu'thoil 
which till* stiidewt propoM". to adopt laniiot he followed- and 
this is trener.ilh lli** easi*— the mere i.n t of Ins mind lR‘Jng set 
working alon^ (hese lines lieljis him to understand piore easilv 
the nature of tin* apparatus and the method of proiislnn* • 
If, in le^l of j^ihijratorv work, tin* new knowledge is to he 
presented throuirh a drawing ex<‘Feisc, or tlu* examination of 
a model, the students ought to he ijuite clear what tlK‘v want 
to know and how tfie\ are going* to find it out, and tins again 
is secured h\ ajipropriate questions When the .students have 
acquireil the raw nuyferial which is to he worked up i^ito the 
general trutJi «r truths of Steji III , questions are neee.s.siiry lo- 
fi) Ascertain whether the students have really understood 
their results. 

(2) Help them to arrive the general conclusion 
iSometinTes^he number and nature »f individual eases will 
have been insufficient to enable tho correct conclusion* to be 
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drawn. There are too marty common features among the 
results. In this case tlio toai^her mu.st enlarge the knowledge 
of the class f)y adding other indkiduai oxamjiles so that the 
common features are reduced tot those necessary for the 
generalization. , 

Some classes of students object to being questioned by some 
teachers.' It is largely a matter of personality ai\d capa^h^ty (Jh 
the part of the teacher, and habit on the part of theistudont. 
If the teacher cannot (jnestion, or the students will not answer, 
the teaching is comlucted und(‘r a disadvantage. Yn that case 
lecturing only remains, and provid(‘(l the grder of treatment 
obeys to a reasonable extent the |)rmcq)jes which have been 
described, some measure of sueces.s may bo lyihicvod. But 
whoever wishes to attain the highest degree* of elliciency witli 
elomentarv students muht n^gard himself us eoiidernned to ask 
questions as an essi'utial part of his method Ho must be a 
pcrpotpal, but judicious, note of interrogation. ^ ^ 

Therif are sev<*rat reasons, howe\er,*lor regarding oral ques- 
tions and answers as insufiieient to satisfy a poacher as to the 
offeotivtfness of his method It is impossil^' in a large class to 
tost every , student on ever\ jioint — only minor points can be 
dealt with orally , main students do not think so freely in the 
proseneo of others as they ilo at home, and in comparative 
quiet, and it is the work done out ol class whielTis^o valuable 
in secuiyng thorough mental assimilation. Merely as a means, 
then, of testing the progress of each monib5r of the class, home- 
work is necessary, and it derives additional importance from the 
fact tli^at it ensures a smaller gaj) between successive lessons 
in which forgetfulness may operate. Too often homeifrork is 
set os though its whole function were to assist the tedfcher 
in covering the ground for an examination ; too often it is 
looked upon merely as special yrc*paration for an examina- 
tion, and the work /loiisists largely of answering questions 
which ^ave bc^n set in previous years. But surely homework 
. . «4 
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is ])art and parcel* of tjio mot Hod, a portion ^\hlch, if not 
8,XHteiiiatically and logically oonnw^ted Auth the teaching, 
might almost well he oinrttetl It is necessary, therefore, to 
consider the exact fjinction which h<um‘\\ork may fullil. 

• Firstly, then, i^upposc the teacher nnhes t») start a nen section 
of the work at the sixteenth inert mg of the* class, and that the 
preparation aecpnred few this is certain scattered fra[S;ments of 
expcrio^ic^ which ev<‘ry stmlent is supposeMl to possess, or eert.iin 
little hits of kn()wl(‘dge which ha\(‘ heen ae(|mred in the (‘arlier 
part 'd the session In othcT wHrds. the t<*acher w.ints certain 
wcll-uinlcrsiood an<l w(‘ll*ordered taets in th(‘ minds ot his 
pii^iils i^hich will (‘itahle tliem to grapple* sii<‘e‘e‘ssfiill\ with the 
jlow jireihlein# The plan he aelopts, the*ie*lor<‘, is tei se‘t e‘\amples 
for homework on the foiirternth e\e*ning. the* answering of which 
W'ill preieluce exactly the state* of mind he* re‘epnri*s Anel if the 
work which is hanele'el m on tlie* liftes'iith e‘\e*ning sheiws 
that#klu' neccssar\ knowK'elge is de*le*eti\e, he* is ahle*^on the 
sixteenth eve'inng to niake* the* ne‘ce‘ssar\ eeinvetHms • Without 
the cmploynu*rU ot this metlmel the* te‘aclie‘r has to waste time 
m oral exploratioi^ on the sixteentli e\ening, eir take*i leaj) in 
the dark. 

Secondly, the stuelents may he* reejuire*d to examine sopje 
facts, eo’nparei anel ^cemtrast, elassih anel {irrange, anel draw 
some conclusion This is weirk w-hie-h wemlel neninally be carried 
out in class in iStc|)b II and III , hut there are easeij in which 
the presence of the* teacher is uiMiece*sH<ir> , and it is gooel for the 
students to be thrown on their e)wn ie*se)urccH This inspires 
confidence in the slivlcnts, and enables the* teacher to see whether 
they are aerpiiring those habits ed thought which it is desirable 
that they should possess. 

Lastly, a general rule having been established, it is necessary 
to fix it by application to particular cases. This .forms a third 
type of qbeltion. 

It W'ill be observed that revision has nqjt been •included 
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ainon^ tho funclioiis of Ifomcwork. Such revision as is 

< 

necc.sHiirv is proxulisl iii tlie stop ojillod pn^piinition, and 
beyond this overs properly arr.in^i'd sduuno (d toachiTig ])ro- 
vides its own n^ision S(» f<ir, too, tlio tunrtion lias l)(‘en con- 
fined to the ae<|msition ot kn(*Av;ledge Tin* ilevelopment ,of 
skill tliroiigh homework pr(‘sents*dillieulti(‘s Workshop skill is 
oh\ ioiisl\*ouf of the (pn^stion, but a (erlain amount ()f skeldiiiig 
and verbal evpr(‘ssion is involve<l in th(‘ knowledge e\e»vi»cs, and 
these should receive eareful attention It seems doubtful, for 
reasons which have tieiai alnsiflv gi\<*n,and which w*ill be dealt 
with agiUn in Cluipter XU, wludher iliauglvt^'nianship should 
torm an csM-ntMl part ol hoim* (‘viu'cises pi thi‘ (sirlie^ years. 
At the same time much d(‘pends upon th(‘ eouiM'^d study and 
th(‘ tvpe of stu(U‘nt In c('rtain trader, such as building, there 
are manv sludiMits wh(M‘\p(‘rience grisit dillicult v in e\})i‘essing 
th('ms(‘lves in languag(‘, and it must be remeinbi'n'd that draw- 
ing serves much the same purpose as a language' Theiiiero 
fact, however, that certain students are**l(‘fectiv(‘ in linguistic 
expression should rather be an <‘\cuse lor more cai’c'lul tiMimng in, 
than for iiegh'ct ot, this art And in any casi' some reasonably 
well thought out balance should I'xist between tile dilTerent 
tijfins ot skill which appe.ir in home exercises 

'riu're IS one widetv usisl method that calls for consideration. 
That IS the plan of reijUiring ibawings unlmisheirTu class to bo 
conijileted at home' The slow student may easily lose half an 
hour during the ela.ss and another half hout at home. He is 
thus penalized twice over in an extremely unsatisfactory way. 
This 18 particularly the case in a class contaiying several students 
who are in engineers' or architects’ offices They .set the* pace 
and standard, and many of tho other benetits of tho instruction 
are sacrificed to drawing. The presence of students with special 
facilities for acquiring skill in draughtsmanship outside tho class 
ought to be an excuse for less instead of more diHwtug in the 
homework exercises. 
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Ajiother probicn* of somo coifiie(|ucnco is involved in nolt‘- 
books. it ja usual to kcoj> t\\o notebooks for a Mibjoet ulueli 

includes laboratorv Asork one for tlie theoretical and oiU‘ for 

• ‘ 

the practical h'.s.sons^ In the e.irh s(aj^e>. ^here the theoretical 
teaching arihCM i lit of the vr‘*’<‘ln‘al work in tlu' labor.itor\, 
this IS undesirabl(‘. If the nofebook ih to re}>resent the know- 
ledg(4 which tjie student has ae(|Uir(‘d. and to be of vaftit^ to linn 
for refe#’eire, it shouhl surely oont<iin the links whu h einnn‘ct up 
siK'cessive (*\p(‘riinents The discussion of results, and the reasons 
for undertTiking furthiT i“\pennifnt .ire <iuile .is important as 
the descriptions of^the experiments themsehes And if tlu' note- 
bo4)k d^ies not cont^iin th(‘se it is r.ither .i liindr.inci* than an 
aid to stiidv, ^lecauso it takes up turn* with rel.iti\el\ unimportant 
matters A siTies of dctai'hed experiments m.iv b(‘ of some 
value to an advanced student who has lUMjuired the bulk of 
his knowledge, and is ajipluiig it to the .solution of furtluT 
])rolJeins , but it cannot bo of much value to the beginner who 
is engaged ni building ^lj) his knowledg(‘ from small beginnings, 
and whose ever^' step is a further addition to, or s> stenuzation 
of, what ho has aj^'cady gained • 

At a later stage the theoretical leh.sons eoviu- a wider field, 
and the experimental work is a cheek upon generalizatiop. 
The theoretical notebook is then of greater ini])ortance. Un- 
fortunately, nmny students find great dillicultv in jnitting down 
tho pith of what they hear shortly and intelhgently.^ in this, 
no doubt, they are dependent liirgelv on the teacher’s method. 
Clear, precise statement with a proper ennihasis on important 
facts or relations, ai^d a judicious use of the blackboard, ccrtainl,y 
facilitate noie-taking. Tlio note.s taken during tho jirogress of 
a lesson are generally rough and incomplete, and tho earnest 
and painstaking student naturally wishes to write them out 
fairly at home; but this imposes an additional burden upon 
one who te'^lready required to attend, on three nights a week 
and to do homew'ork. Not mfrequcntly wytiug oqt notes, 
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therefore, encroaches upon fime whjeh ought to be spent in 
answering questions. This is disastrous, and its mei» possibility 
demands that thei>rcljcal notes should be redijced to fho least 
possililo diniensions • , 

Some teachers prefer to dictate their note's. They save the 
student the trouble of thinking, and deprive? 'him of valuable 
practice in expressing his ow'ii knowledge in his ew'ii language. 
It is no defence of this method to say that the studerntf caxmot 
take notes. Every one has to learn, and any teacher who evades 
the difficulty by dictating is •simply shirking his sliare in the 
responsibility. There are certain eases in which .dictation is 
permissible — w'lth an advanced class. These occur, c.j/.,wh«i a 
law' or statement is to lie dealt with ; or when infonnatidy 
which depends upon precise statement is being discussed, and 
which, if it does occur in the text-book, is exiiressod in vague 
or inaccurate language. But if the students can be trained to 
express^ themselves in their owui w'ords first, they shouh^flU) so, 
and no effort should be spared to encourage them. 

As a matter of fact, the existence of a good te.xt-book renders 
a lot of mote-taking unnecessary. The mere,coj)}'ing out is not 
in itself of mjich value, and is far inferior to w orking out examples, 
ijor revision, few' students’ notebooks are so good as the text- 
book. 

A record of what the student has thought and done is of 
more va^pe than one of what he has read or heard. Conse- 
quently laboratory notebooks eall for more careful considera- 
tion. Hero again it is necessary to speak depreciatingly of the 
philanthropic sjiirit which leads the teaclifir to do the pupil’s 
work for him. The detailed notes which are given out in 
some schools rob laboratory instruction of most of its vafuo. 
If the student cannot make his own record after a little 
showing, he is not worth teaching.^ 

First as to this showing. There are tliree errors flU'lTe guarded 
against. . One is^ to put down the operations and observations 
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formaily as 1, 2, 3, otc Another to write the description out 

in#tho egotistical and awkward lirst person singular The third 

is to begin with^a list of apjmratus 

The laboratory noji'book ought to he an exercise in English 

It ought to jircpar^ the student to write a report in clear, precisi*, 

impersonal languJge. It need*not eontaiii inslructioiis to thi‘ 

laboratory boy. It should contain the line of argumrtit which 

led to t#io •experiment being undertaken , a description of the 

apparatus and jirocess , and the eonehision It should be a 

well-artieulated whole, and not diseontiituoiis series 

Lalioratojy w'ojk very sekloni keeps a student busy during 

the*wh(4e pi'i'iod, an;! in the ease of (‘veiling students the notes 

should l)e iii{)^le on the spot. In many cases the home-work 

forms an a])plication of the result.s obtained in the laboratory, 

and though it is usual to re(jiiire the home exercises to be worked 

in separate books, the t(*aching sometiims gains in homogeneity 

w'lien^yiey arc entered in the same one 'Phe home-work is as 

essentialb jiart of the instruction as the tht'oretieal or» practical 

work, and there, can be no ])ossibl(* obj(‘ction to a more or less 

comjilete fusion JJut this depends entiri'ly upon the judgment 

exhibited in choosing the home exercises 

The word “ illu.stration ’’ covers a number of devices use(i 

in teaching J3roadly, “ to illustrate ” is to make knowledge 

clear by means of a jiioture. This picture may be actually 

shown to a class, or it may be a mental jMcture produced in 

the minds of the pupils , 

In the first sense, the picture may lie a diagram drawn 

beforehand, a skekji on the blackboard, a lantern slide, aij 
« ■ » 
exjieriment, ^ meehanieal contrivance, a model, an example 

of fielding or using a tool. In the second sense it is an associa- 
tion of ideas, in new or old combination, produced by the teacher 
talking about certain matters which are either familiar or easily 
within th(J^asp of the students. ThQ most important con- 
siderations are those which deal with actualpictfrial illustration. 
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There ia no cl()ii])t thcat willi lieginnerH rcady-nicido wall diggra^s 
should l)c very spHringly used, oapeeially if the^ are at .all 
conij)licatc(l. A e-omplete diagram must be aiialyzoil before 
it is understood, and this distracts attention, breaks the thread 
of thought, and nn|)oses a distinct disability* upon those w|^oso 
powiT of reaihng a diMwing is Veak •« 

A lilftcklxiard sketch, growing under the teayher’s R^nd, 'is 
apj)rehend(‘d st<‘p by st(‘p as it grows I’lie inentai ]^oecss of 
eaiili student is smooth and stead\, it is not subject to jerks 
which th(< sinhlen feferi'nei* Ui a complete diagram ^produces. 

The ju’esmiee, imm‘o\(T, of a larg(‘ di.igr^im in a prominent 
position IS liable to attract attiuitioii long^beforo*it is mjiived, 
and to mtiTlVri' with tliosi' parts of the lesson which precede 
and follow its use A partial recognition of ‘this occurs in one 
school wher(‘, the writer is informed, the diagram is concealed* 
by a curtain tinring tin* (‘arlier part of the lesson. When the 
ps\ chologieal moment has <irrived the teacher gives a ^igiial 
to his*a,s^istant, who uiueils the pictulf* with di’amatic ellect. 
It is not to bo assumtsl that this method is recommended. The 
point at^is.siie is the list' of wall diagiMins for junior .students, and 
the advTee tendertsl is that tluw should be sparingly emjiloyed. 

It is usual to criticize the use of lantiTii slides on the ground 
that tlic room has to be darkened, and the students are not 
then under etroetive ob.servy,tion If tins has^an'y force the 
teaching is ojicn to more serious onticism from another point 
of view', for discipline — not of a militarj' character, but a 
reasonable orderliness — is a lirst cs.seutial. Generally, however, 
the use of the lantern itself ensures attention— providing it is 
not i>r5long(.Hl, I’here is sonudhing fascinating about' the 
brilliant wduto disc that neither the blackboard nor the liflen- 
backed diagram possesses, and a few' slides shown periodically 
are a stimulus But this plan shares the disadvantages of 
w'all diagi'ams when airy^ attempt is made to shoMt^-winphcated 
di'awin^i's to young indents. 
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Hardly less important aro thos^ inontui pictures which the 
toavher ondcavours to conjure up in the ininds of hi.s stiidcMits 
by a few* (jucst ions or 1 )V a vi\id description. Th(' eliief use 
of this is to hel]) tlie stinleiits to understand the wale range* of 
a la^ or iirmciple at which tliyy lia\e armed 1)\ tlie study of 
a hunted iiurnbea ^)f ( iw‘s Thiis tin* eloi trine* of ene*rgy has 
,^0*1)0 4‘hirilied,and establislieel by re'f(‘reiice* o\e*r a wJtle* lii*lel 
eif s^i^*iit^C0ie tivitv, and e'ach n<*w ilhistiMtion prt‘se*ntcel lo the* 
class ex^'iiels and elee‘pe‘ns their knowksige* Sometimes also 
illustrations^aie needed in the* foitn e»f <‘\pft’ime‘nts pi‘rforme*el 
or (lescrflieel ni onl^'r to l»roade‘n the* pie'se'iitatiem 'I'hee Kimw- 
ledg% th<it e-ai/be* g<»nie‘el at lirst hanel i.s edteii set small .is tei 
lemh'r ge'niT.il^z.ition elitliiiilt lllustr.Uiem is licrei etf service* 
ill aeUling to the* mmd-e*onte‘nt, anel gj\mg that substantial 
basis upon wliiedi eemediisions e-.iii lest s.deh IVrh.ijis lhe> 
commonest use* ot ilhistratiem- .inel the* one* wlneh shoulel be* 
ineist <i[irefuils a\enele*d is th.d- which is nee e‘ssitatcel by maele- 
(juate ])re*])aration HiM* a law, eir tlmory, or ele8e‘rj])tiem is 
flung ,it the e-lass, and the* stuelents f.ul te» giu-p it eiwing lo the* 
cognate* iele*<is not benig jiremnnent in the* minel to ine‘ct The 
class 1.S asked tei accept a feirin ed weirels, and then tluw weirds 
are ‘‘ oxjilaineel ” by all sorts eif illustrations This is t('ue*hing 
backward*^ The e*eirrect orele*r is freun the* lelea tei the word, 
not from the* worS to* he* ieh*a 'I^lie re*\e*rse is e)iil\ justitiable 
when a statement is to be e*x.imineel ciiticjilly as lo its meaning 
and vahelity, and this is the wor|j ed .whanceel students. 
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N’OTKS AND IIJA'STHATIONS OF 
SPFtilAL MhyniOl) 





(’irAPTi-:R IX 


• THi: rUI'IJMlWKY TIT1IN1(*\I. (Ol It*?! 

§ 

Tiiil whole twiirse consists of Pracliciil AI.il hematics. Pnwtical 

• • 

Kleinentarv Science, ami Kiij^lisli Since KlemcMitary 
Science demands T|uaii(it.itiv(‘ or numerical Iri'atimuit if it is 
to he taught clfeetuelv, it rcijiiircs from the <‘ommencement 
more Matheinatn-s than isgi\en itillu'liisl tliriM* months, and tlie 
))lan o^ teaching it throughout the lirst \car is a had one 'rhero 
is no oTijection, houoV^T, to its mtrmliK tion in tin* jast two 
months in a moditied form, and this (»\(*n'onieN the ol)j(‘ction 
that the uhole s\ 11, thus m science (annot he co\cr('d in one 
year. It should he fioted that the subject is optionttMii the 
first year examination, and that nothing tluTcfori'* is lost by 
not presenting it 

There are soioe curToiis notions abroail as to the imtiiro of 
Tactical Mathematics, and the mo.st pn-valeiit is the view that 
it is merely a sci.s.mA’s and jKiste eilitioii of pure Mathematics. 
This view prohahly arose from the sl.ilenient that it was 
intended for stiidents^who cannot afford the time for a complete 
course bf the latter subject. This is one of those haff-trutlis that 
do sb much harm I'ractical Mathematics is intemled for those 
who do not need, and jiorh.ips eannot umlerstand, an abstract 
subject. It IS intendeil for the a\<*rage man whose aim is not 
Mathcinatioiii>*but some subject to the study of wfncii Mathe- 
matics 18 a useful instrument The word *' practical " implies 
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mainly that a method is us<‘d which is adapted to conveying 
mathematical kpo\\l(‘dge to those who want it for some practical 
purposes. Tli(‘ di(Tcrcn(‘(‘ from Pure Mathematics is a difference 
of attitude ratlu*!* than of subject 

Let, us glance for a moment at the way in which Mathematics 

• • 

arose. In the dim dawn of nyin’s life on tjiip earth he could 
only hav»e vague notions of his surroundings. As his faiftilfari^ 
with them grew he became alile to distinguish similarity betj^«6n 
objects, and to be conscious at first of “ one and “ than* 
one.” With increasing jiowoj* of exact comparison no came to 
add, })ut this could only be done in connection with caclT series of 
objects or interests. After a time he could say huw many cattle 
ho jiossesHcd, and could state the number of moons to and frgm 
his hunting ground. The sense of personal loss involviifg 
hardship or increased laliour let to subtraction. l^Yom this 
stage ho passed to multiplication as a short method of addition, 
and to division as a short method of subtraction. And in this 
slow, unconscious way ho acijuired the habit of doahng with 
such of his surroundings as were measurable. 

8o far ho had dealt w ith number, and numbers, as wo know, 
express facts about particular things. Tney are incapable of 
expressing general truths, which involve language, bi^ words 
are rather cumbrous and symbols are used instead. Symbols 
are, therefore, tlu^ shorthand representiloions-Df general state- 
ments. Perhaps the exact relations of symbols to figures will 
best be illustrated by an example. The distance traversed by 
any moving body in unit time is called its velocity. A body 
moving at the rate of 4 feet a second for 2 seconds covers 
a total’ diataheo of 8 feet, in 3 seconds 12 feet, in 4 seconds 
16 feet, and so on. Similarly in 5 seconds a body rvith 

a velocity of 2 feet per second will cover 10 feet, of 3 

feet per second 15 feet, of 4 feet per second 20 feet. 

In all cases the method of fiiiding the dist{)j^ce covered 

when the time is given is to multiply the velocity by the 
yb 
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tiiilp. .This^ast sentAice is a verl)t«l 8 tateinei»t of a general rule, 
wlljch becoiiysB more useful if expressed m symbols. Thus, if 
S standif for the^total distanci‘, V stands for the velocity, and 
T for the time, the general Jruth is represented by S = V ^ 1 ’. 

' This formula oiwi bo used lu the solution of oth(‘r particular 
ca&os, and hence* the natural* order of learning — From tha 
Qic <jeneral and hack wjain fo the portituJar — is 

1)0 remarked that the process of thought in 
an o(jiiatioii is a mere \aluaf\le mental training 
than tliB a])j)licaliyii of the eipiation to the solution of the 
proUemj^ 

^•Now ^he i^e of symbols for figures is the starting-point of 
another body of Itnowk'dge called Algebra, which for a time 
runs alongside Arithmetic as a giuieralr/.ed form, and then 
proceeds beyond into regions of thought whore Arithmetic 
cannot enter. For all practical purposes, howe\er, Algebra 
should take its jilace itS gcn<‘r.ili/-<‘d Arilhmeiic ^ 

If the beginnings of (Jconn‘trv could be examined in the 
same w'ay. it would bo found that the earliest achiejements 
were in connection with practical netsls. lOvmi at a lITtiT stage 
of its development the method of infcnMice Iroin the jiarticular 
to the general preceded the inethoil of deduction from the 
general to the particular , 

Many people seem to think that tin* ik'w Mathematics consists 
simply in the remova,! of certain ipcoiiMstenccs the clarifying of 
certain obscure points, and the appln*ation to more practical 
problems. But this 4s a small portion of the matter. The so-^ 
called Practigal Mathematics is not a new subject, but a new 
inetEiod — so far a.s schools are concerned. More correctly, it is 
the employment of the method by which man from time 
immemorial has acquired exact knowledge. The deductive 
method is Wt rejected, but it i.s deferi;ed to a later stage for 
the professional mathematician, and should bo relegated, as 
97 . 
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ProfcHscir P(‘rry once put it^to 

Iho l'Mi\(‘rsiti(‘s 


the Philosophical tacul^ies' 


of 


Now to .1 extent the Jei^hnieal stujlent is ftiinilarly 

placed to pniniti\e man He hu'^ limited time; he wants 
exact kiiowlcdf^e of material thyi^s an<l physical })henome.;ia ; 
and he wants su<‘h niinuTical/ alt^ehr.iic, ami geometric forms 
of e.xpn^sMng this kimw ledge as will enable him to uiuTiystai^ 
otluTs engagisl in the same piirMiits. This imjilies that he ffCst 

'^4* 9 

be taught what mathematics he reipiires thioiigh tho'*!' "'matters 
in which he is directly interested It is obvious that if. as has 


been ])ostula.t(‘d. Practical Matlumiatics is tho (piantitatixe 
stud\ of nuMMirable things, which gi\es precision and exactness 
to ideas of (ju.mlity, size, shape, weight, and physical properties, 
it must begin b\ oouiiling, measuring, weighing material things. 
The ))articiilar things then, of which the technical student desires 
exact knowl(‘dge form the basis of his mathematical teaching. 

'Phis \iew emphasizes the point that the |»articular things 
through which the mathematics is titftght should secure tirst 
attention According to the old and still the common view, 
the orili'r was determined b\ the Lind of mathematical process, 
and tfu'^ student obtained, laborioiisK , a logical structure of 
niathcmatieal method, with an accumulation of miscellaneous 


facts about the things m which he was not interested Assuming, 
therefore, the principle th.it I’ractical Mathematics cannot be 
jiroperlv taught exeejit through .ictual contact with lealities, 
we c.in proceed to set forth a s\llat)us of a suggested 
Ih'climin.irv Technical Gourse in detail 


First Ykar 

SiiCTiON J . — Mmsiiremi tU of str.ught lines with a rule divided 
into 5*, inch Vddition and subtraction of lines. Revision 
of the siiuple operations with f^’actioiis. Seale Drawing as a 
fractional exerelse. -Applications to various proolems which 
can be solved, by fractions. 
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' Si^CTiON ir. — De^nnah tn'aUnl /h the same \\av as in Sei-tion I 
Arflccimal repardt'd a^. a \ulpar fi action in which the dcnoinin 
ator caif 1)0 \\n40n down frowi an ln'^|)(H‘tlon of the miincr.itor. 
and IS thoroforo otnit*te<l ^CoinpanMin witli pcrecnlago.s which 
Oan be regarded a*-. fra<'tions j4i which the dcnoiiiinator is 
afid therefore n( 5 ‘d not he written Error of mc.isiirenient 

• 4 0 

Impressed as ^ fr.u tion, .1 decniial, and .1 pcrcciitapi' ^ 

HI -M(tnr Stf.stdn. Ratn» «»f inch lo ceiiliinetn* 
fii])reseiA ‘d pniphicalU (’on\crsjon from Eiiplisli to Metric 

I'lllts • 


Skci'ion • IV • DiM'.inct and liw< I'docth^ |{elatioii 
cKpri'ssc^l l)\ foriiiuITi S V T. which is rcpardiMl mcri'lv as a 
siiorl sfatciiK^it • Variai)lc and a\cr.ip(‘ \clout\ with prapliical 
illustr<dions Diagrams of <lisp|,ic(‘mciit 


y()(( rp to the end ot Section HI tile tihjccl lias been 
two foM • 

*• (I) 'I'o i('\is<‘ th(‘ bo\'s skill III iisiiiLC Iractiiyis and 

deeimats j 

(2) 'I'o dce|M*n his sj«ns<‘ oi pliNsaal inapnitiid(‘s 

Vclocit\ Is ml induced p.utU ln-« anse all ^o\h aic 
mtcicsted 111 * moMiip bodies and pailh bpcatlw* the 
idiMs he at the base of ph\si(.il s( icia (> and- its ap))ln*ii- 
tion Once mtiodnccd, theic .should liaidK c\cr be a 
wec'k III which a (picsluni is pot set upon it 

Suction V MnisttruHinf oj curnd Uni\ b\ (‘\pcnnieiilal 
methods The ratio of the cireumfcrcnc(‘ of a cijclc to the 
diameter, Meanini? of an .i|)proMmation in < asi* of ineonimeii- 
surable (jiianlitics 

The result cxjirciscd as a formula — \ r 

^Speed otahccE, jmllevs. and belts. 

yok - 'Hie measurements of curved lines are preparatoiv. 
In ascertaining m ditlenuit circles how main times the 

' Soiiu- U-.kIkm.s nitr<dii<i- t(-<l iiil-(Iio<Is <•! innlliplK.ilioM and 

diMSion «U li/.* stage, but tlu-ie is a gmwmg t»o<l\ of opinion lliat llie\ nn 
not Worth the troubh-, csih-i lally wln-re, ;i- iii'sovn- login it Inns aie 

lalrudiaed 111 the second ^eai. 
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(■irt‘unifcr(‘ii(;t‘ is groJifeT than the Miainetc/ cacj^ boy 
iiHMHUies up several eire.les (eolTAe tins, etc.), and the whole 

c * •* 

are eoinpansl. The eonelysioii is that ^^a oonstant. 


'I’lie r(‘.il value is now given, ^nd iwoblems set. Among 
these; are sueh piohlems jyi the follovving — 

Draw a eirelo ‘i" du^moter Lt*t this represent 
piillev to a scale of T I'. 

"if this pulley is rotating at (>0 revolutions per 
how inanv revolutions does it make j[)er 
per s(‘cond ' 

W'hat is the velocity of a (loint on the rim^'*'. 

minute' ^ ^ 

l)iMW' aneither circle T eliameter, with it;^ centre 
()" awa_\ freun that eif the • lirst; * circle. Let 
this rejiresent aueither pulloY to the saiye sewle. 
Draw' a belt passing remnd beith pulleys with ruler 
anel compasses • ' * • 

How many feet per miiuile is the belt moving i 
How fast is the; rim of the .ses'onel piille'y moving ' 

How many roveiliitiems per minute is the seconel jmllcy 
‘ making i 

^ Whth a gooel class this can bo extendetl se^ »a.s to 
establish the formula 

N ^D, 

N, D’ 

« 

t 

'Tilled even preiblems involving slip c«ul^)e solveel Questions 
on sciews e‘an be aeldeel 


nvnute, 


loet per 


Sk(’T[On VI Amjnhtr itmmircmvnl. (Uomelrij of the circle 
“ -angles at eentie anel c iron inference, aii^le in a scmi-circlc, and 
tangent. Lengths of straight and crossed belts. Construction 
of iu.scribeel regular polygons from angle aff centre. 

Note ---it IS just as well to introduce positive and negative 
, angles straight away. Angular vcjlocit^ can easily be 
i\neler;?toe)el bv a good class (’ircular measure, however, 
may be ilefcrreel ' ^ 

SEe.TiON Wl. - licctauyles to be drawn on sepiared paper 
and rule for area inferreel and exjircsseil as A -LxB. 

DiagomU. Ee|uahtv in every respect of triangk: so formed 
to bo demonstrated' b> use of tracing-paiier. 
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The paraUelogram And iimlinp it** aron. Fonmilir 

area of.parftllelogram — 

A = R X H and for trianglo A ^ ^ 

* I ^ 


*EquaUly of ami of ]>ara1I(‘lograins or trian^K's on saino 
jjas€^ J^nd lK‘tw(*en .s.vino i)ar!ilk*ls ^ 

ffqua^ (ind squarc-rool hy inspection, hy factors, and by 
• o flie\5jllniv* y process 

Notf.-^\iO above s('ct.ion really contains fcliree or four toaebin" 
flections, but th(‘v <m‘ ^ntuped so as to bnn^; out the 
(^lo.se ^onne^'tion between the gisunetrical projierties and 
formula?. With much of the work the boys ought to 
ifh tolerably *fanuliar before they come to the .school. 
The vi-ria^-ion of area of triangles on same base with 
(lifferent <dtitudes, etc . lna^ be plottisl 


Section VllI — Alythtair multi yhcaf ion n ml factors. The 
methods of Section VI I applied to tlm earlier ligurcsof Euclid II. 
Actual •lengths to be t^^ken tirst, amt tln*n sxmbols to he used, 
flhow’ing the relation between the prmluct and the fifetors. 

Note . — Some practice in. algebraic tiMiisformation may be 
given hero, if •the students a|)|K*ar sullieiently.ifttrrested. 
Whether this is nece.ssary depends upon the (‘xtent to 
which sunbols ha\e been introduced into the examples 
following jircMous st*etions. A great ileal of drill in 
formal algelira.ean be dispensed with if the student 
gradually acipiires the haint of d<*aling with Hymbols. 
Multiplication by binomial ex|)ressions is suttieieiit, and 
long division will not be required for \ears, if (A^er at all. 
Some teachers may <lesire*to give* special practice here in 
simple equations. The absolute necessity for this is subject 
to the same considerations as algebraic manipulation. 

• Index notation may be introduced here. Jt is advisabjt; 
to work first Rome examples employing the notation 
® aaaa for a^ etc. This was the last of a series 
of notations preceding Newton, and in the original edition 
of his “ Principia ” he used the two notations side by side. 

SKCn^a'IX. — Areas of inscribed square, pentagon, hexrujon 
(constructed according to the method of Section VI), compared 

lOI 
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with Ih.ii of th(‘ nrch* iii \\hif*h th(*>^aro ifll inscril'^d Ponoo 
oxpcrinuMital method of finding the area of a ^ircle. The 
method of finding the area of ari annulus de^luced fi^m this 
and the ride embodied in the fornjula— 

(R’-f-) TT = (R*i-r) (R-r) 7 f. • 

(This IS important for engineering students, and so also jatij^ 
of areas.) 'The area of a circle plotted against radir^s and agains^ 
sijuare of r.idnis, and th(‘ curves coinjiared. *■ s jT , 

Skction X — Whime of nct'tnqidm .so/i^/.s'- cubr; ' square, 

* rcctangul.ir, and triangular prisms , and cvlimliT. The])yramid, 
cone, and spluTc to lx* omitted Cube aiul ckHi' root of a. 

^ number (e\fr«iction only liy factors) Calculations on weight 
and voluim*. ‘ ' • 


SECTION XL * — Wdtfht considord (18 a force. Conqiarison of 
weights b\ spring lialance lOxtiuision of a sjnral spring and 
rubber coril. Coinpanson of cur\es. Interjiretation of the 
eurve for jubber, and examination of themibber when stretched 
to ascertain cause Single, double, and treble rubber cords 
stretched to the same extent and forces conijiared. Hence — 


Stress = 


h 

(( ’ 


Strain - ^ , 


K!a^tlclty 


Stress 
Strain ' 


SK(T1on XII -- Cmxpuriww of wei<jht8 bi/ hcom balance. 
Moments and p.irallel forces. . Apjilication to jiractical jmiblems. 

Note -1 All referenci' here to the three orders of levers is unneccs- 
sar\ The chief aiiplicajions of the piinciple of momenta 
are 111 connection with the beams ami rotating jiarts of 
machines A tew simple examples on llu* reaction at the 
• jiomts of suppoit will be interesting, m ml students sjiould 
understand wh\ a large wlu’cl is an ad\au,tage on any 
draught \ chicle. * 

Skotfon XII L — Kfftcls of (jravitaiion explained liy reference 
to parallel forcCvS ( Vntre of gravity of regular figures found by 
draw ing, anil of irregular figures by exjieriment. •-» 

' * Hu footnote on p. 101). 
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Note — xVis part the work i»> n<»t oftoii .skilfiilh 
^iind it miiN Ix' uscM to iiiM* fuller notes of jnoeeiluie 
The follow ini' <|Uestions m<i\ Ih.‘ iwkeil -- 

« 

(1) In what tlinvtion does a l)od\ fall when its Mippi>rl 

is ieifto\ed|^ 

Whv should It f.iU ^ 

Whiik eanses a ho<l\ to ino\e ' 

Wliiit do \ou know .ihont (he diieclion of a hiree 

• and the din^elion in which .i hod\ acfed on hy 
, th(‘ force tt'iids to ino\e 

( 2 ) Tli(‘ Nertiial is a line dr.iwn ihioniih .i point (‘\aetlv 

o\(‘i‘ >oiir IkmcI. t<» a point exact 1\ heneath 
If it weie pioduwd (h»wnwaids thnnif'h what 
|H)int III the earth would it pass f 
• If tlft* weijiht of .1 hod\ 1 m‘ due to a foK e act int' 
hetv*(‘en th(‘ (Mith and tlu‘ ImmIn , will tliat explain 

tlie teiideiicN to fall ' « 

• • 

It ina\ now Im‘ statc'd that e\ei\ jiaitiele of ni.ittei in 
the unixeise is heli(‘\(‘d to .ittiact e\ei\ othei paitn‘li*,* 
and th-it this foi(<‘ deeieases with me lease of dislanec* 
Ix'tweeii tli(‘ (enties of ,iii\ two hodies wliiHi are lieinj' 

• eonsiih'i’ed 

* The result (A wru^hiii}' a l)od\ on .• spun}' halanei' at 
(lifTerent points on, oi .it dillen nt (‘l<‘\ations ^ihove, the 
eaitli’s surf.iee mav iu‘Xt lx* LU\en It will Im‘ st.iled that 
theie aie two piopeiMes oiu' wine h .iltcMs, .tnd oiu* which 
does not alter, with position The foiiiiei is < jlfi 4 weight. 
,ind th(‘ ot her mass 

If a l)od\ has weij'ht ir, and m.iss ///,, expeiuaiu* sliows 

tliat then /r, ,= ///, y when* y x.uies .lecoidinj' to tin* 

.7 • 

distance of the hodv fioin 4lu‘ eentie of the rsirth aiwl to 
the denslt^ of the locks heneath In the s.iiiie wa-y, if 
theie is aiurtlu'i hod\ of weight ir . .uid mass Ht , them at 

the same place as the lust hod\ ' tn . ('niiijiaiiiig re 

and v\ we h^ixe- - 

The f/'s oaneel, and the formula assiTts that the weights 
of two bodies ha\e the s.ime ratio as their masses. As 
nearly all praetieali work m Meehan les* rerpi ires onlv 
comparisons, we are justified in. measuring m.isses by the 
same units as those used for measulmg weights. 
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Tho latter j)ortion m^y be deferrecV for a la(er period- if 
the (‘lass is at all weak. ' 

Srctfon XIV. — Woric and Ha mmAvremeni. , Sim|)Io 
problems on liftm^j weights, ete 

/ 

Second Year 

(«) Practical Maihcimtics and Science 

r * m 

Tn tlie tirst-year eourac drawing has been emj)ltfiyed to arri^< 
at mathematieal results, and these results have been ^ 

to various jjrobleins within the students’ range of ^^erience. 
This numerical treatrrnent of fhajie, size, and weight, will now 
be o\t(‘nde(l to other jirojierties of bodies Drijjwing .will bo taken 
as a sejiar.do subject For this there are several reaiyins. If 
drawing is to be used as a basis for further mtjthcinatics, It 
tends to carry llie student Ix-uuid his reijuircmcnts. The kind 
of drawing which is desirable at this stage, moreover, is nioro^ 
ropresentatne than matlnunatical in ehuractor, and should 
prepare the ground for machine and buikbng constriution. 
On the otlier hand, science must be treated numerically to be 
understood fully, and the bulk of the mathematics required 
can be (ibtained ineidcntally fronf the science lessons. The 
successive sections are set out and discussed below’ : — 

Section 1. — Keeall calculations on weight and rohme. 

Meaning of the t(‘rm density, and calculation of density of 
regular solids by measuring aiKhweighing solids and liquids. The 
formula Vj d, = V d in ease of U tube. 

Section TI. — How is the volume of irregularly-shaped solids 
determined ’ Volume by immersion, and calculation of density 
from this and weight. 

Section III. — Flotation. Immersion of a body of largo 
dimensions suspended by a piece of string in water, and actual 
experience of buoyant effect. Examination of this. Cylinder 
and bucket experiment. 

Note. — Suitable materials for the.se experiments are piecM - - 
of materials familiar to the student through his 
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over\<iay ex|i^'ricncc A lirasH woiglit is not. suitable. 
It IS unbiir to the \feight, and a dull boy is a])t to think 
that he is determining the density of Id grams or sonie- 
tfiing of tjio sort.. , , 

in the expennieqts in Section Hi. it is desirable to u.se 
largo bodies tliat e<fn be hamlled, and upon Mhich tlu' 
buoyant effect of the w.fter can be felt. The principle of 
Arehiniedas* .should not be mentioned until after the 
students have understood their results they are then 
'ready ftir the title ami .story \s many books use ilu* 
term “ sjieeitie gra\i(\ ' in rel.ition to gases, it is well 
Jo be pris'isc on this point, .md to (“lieil detinilions of - 

(a) Densil.N ( weight of •unit Nolume). 

• (h) Jielatne den.sitv ( weight ot unit \olumo of the 

•substAnei* compared with the weight of unit 

• \olume» of some .standard sub.stanee taken as 
^nitv) 

(r) Speciiie (Jravitv ( relative ileiisitv with water as 
the sUimkird sub.st.ince) 

Density is a physical (plant it v, de|K‘ii(lmg on the unity 
of voluim* and mass, while spccilic gravity is a ratio, and 
therefore a mere number. • 

Skction IV. — Companion of the proi^rtot of solidl, liipiids, 
lga.ses. tSurf ace tension. l’orosit\ and capil hint > . Pressure 
ow the surface qf » lupiid . * * 

Xoif. — The work of Si'ction IV. is mainlv descriptive, 
and most of the properties should be “demonstrated" 
bv the teacher. , Ordinarily a few weeks either befon* 
or after this .sistion w’ouhl be sjient m determining 
speeific gia\iti('H b\ weighing in air and wattT iieyond 
the fact that^such (hderminations give admirable*praetice 
in weighing, they are of no \^*rv gn^t valm*. The jinu;tical 
man deals lc.s.s often with the hjKM.ifie gravity of solids 
than he does with their weight |)er cubic foot. The 
jdonsity of licifnds he obtains by the hydropiotci^ • 

The only people who need to (Ictermiiic specific gravitie.s 
' are the mineralogist and chemist, and both of them should 
have subsequent laboratorv’ training. There is no reason 
why that -should be anticipated, and there is every reason 
for deferring it until after the student is better acquainted 
witljtfiie forces conceflied in the e(juilibrium of floating 
bodies. • , 

If the specific gravity of liquids is to* be determined 
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hydrostatic;! llv.it wiIUk* advisable tt) deal wifti b;iljancmg 
columns in a V tube befori* H:ire’s apparatus. But 
neither of thes(‘ ])U‘C!‘S of apjiaratiis should be used uitlil 
the lel.ition ol pressure o) lypiids to , depth Itas been 
demonstrated. Otherwise they, become mere laboratory 

tricks ^ 

• • 

Skc'TIOv V". — Float ituj hoduM The Ifydronieter aiidf its use. 
(’om|);irison (d this method of eomparmg the voUimes (Tf^eipiffl^ 
ueights with the former one of comparing the weiglj^ts of equTiI 
volumes. ^ 

Vo/e.- WoodiMi rods ot sfpian* section, about 2 cm. thick 
and 20 cm long, an* best lor these immersion experiments. 
'rh(‘> should b(‘ varni'-hed, ha\e a p.iVer fcal(‘ down the 
side, be weighted at the bottom by boring a <}iolo*and 
pouring 111 lead, and ha\(‘ a sc;d(‘ pan on ^he tpp. . 

A curve should be di.iwn showing thi‘ \olume per 
unit length 'Phis enables the theor\ to l)i‘ understood, 
while tlu‘ iiregular shape* of Nicholson's h\dromet(ir 
(which should bo used afterwards) only obscures it The 
students should answer the following (piestions -- 

j(u) What is the volume* ed wat*(^- elisplae*ed ^ 

{h) What is the weight ed water eh.splae*eel ^ 

(r) What IS the weight eit the wheile real anel scale ])an ? 
^ * {<{) What teirces maintam'the real in position ^ 

Weights are then .ielele*el tei the scale) ])an anel the 
iiwreasc in \e)himo immerseel note'el. 

'Phe* reals are next nnnu*rseel in salt solutiem, anel tho 
ivsults (d the twei exia*riments iMtereal up as folleiws . — 


(1) We‘ight ed apparatus weight ed water elisplaced^ 

' \e)lumo ed water elisplaccel elensitv <d water 

( 1 )' • 

(2) Weight ed apparatus weight ed solution displaced = 

ve>lume of sedutiem eU*nsitv e)f seilutiem. 

As the weight (d tho apparatus is the samejn bedh cases, 
Vedume eif wate'r elis})laccd 


J)ensitv of solutiem 


Volume ed seilutiem displaced' 


Suction VI — (lemral proprrtus of air — weight and elas- 
ticity. Barometer, syjdion, and pump. • ■ 

* T^e c g.8, units are understooel to be used here. 
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A’o/f. — Tht' Mcightf of air is usvallv dealt- with iiiM This 
jildii suffers from tlA* di^yid vantage that all methods <»t 
sho^\lng that air has weijzlit depend upon its elasln- 
pifiperties* It is th\;iefpre better to show generall\ th.il 
air IS elastie, hy reference to a football. bn*\el(‘ t\re. and 
by squeo/mg an maiirnbber ball with a hole in it iimler 

• w ater. * 

The pre.'*s«re (»f air is explaimsl b\ .inalogv with liipiids 
• The em|)lo\inent of a V tiilu* with oin‘ limb <-lose<l and 
Mie othfr o})en before proee<‘diiiL( to the straight-liibisl 
barometer is a great h(‘l|>, because man\ stiidiMils iind 
<iAru ulfv m Msu.di/mg the extotii.d rolnmii of air 

Si-(Ti()s \TI -- (tf blasts lto\le‘s J-aw. Th(‘ 

eipiation* P V^-" constant ami its enr\(‘ 

^'Phe students shoiihl st 1 mit to (‘mpiiii* into the ri'l-dion 

- bet.we(‘i^ \()hmie .iml pii'ssnii* Halt a do/mi ine.isiin*- 
ments with -i snnph* piece oi appaiahis will snllicc* The 
teaeluT will then gi\(* a scrii's oj ligiires t(»r air and, sa\ , 
coal gas, o\(‘r a wider rangi' 'riiesc* aii' plotlisl and the 
(•nr\es ex.imineil 

'Phe objects of * 

* • (d) (JiMiig tj^c results o\er <i wi(h*r r.inge , • 

(h) Including «)ther g.is(‘s I 

an* to widen (In* jin "cntation .iiid thus to (‘iiabh* tin* 
stmU'iits to stat<‘ tin* n*sulf -is a t/nuKil ffas him within 
the reasonable Jimits ol (‘.xpeiinn'nt (Jem*rah/adit»u upon 
a narrow b.Ais is nnalid, and is to la* discouraged 

Inverse vaiiation m<i\ be discu'-se<l at this stage. 

Skc'TIOn VIII.- - Tfn> (fjtds of h(<il ujuni hodu't Demonstra- 
tions on t(*mp(*rature, expansion, rf*liange of state, (onduclion, 

convection, and radiation ^ 

• 

iVo/c— No one asjiect of the effeds of ln.it upon matter can 
be aj>|)ro<n-ln*d induct i\el\ without in\ol\ing some nlea 
of oth(*r aspects The simplei eilects are therefore 
•demonstrateerbv the teacher b\ qiialitati\e.exp(‘*’imenls* 
Two I.iiuls of effects will be notn ed- leniporar\ and 

* permanent The !att(*i belong to ('hemistrv, and their 
consideration will be reserved. 

Sectton TX — Mia'iurniifnt of tnnpfraliirf Con.stnietion of 
therniomeK'i^. Determination of fixed points, Comparrson of 
scales. 
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NolPr—Tht} treatment of this aecition ia* worked *out ip srtmo 
detail in (’hapter VI * 

• ,• 

Section X.—The phenomewi mflting nmJ boiling 0 Deter- 
mination of melting and boiling ^loints. Alloys. Vapour 
pressure and the dew jxiint. . • 


Skctjon Xr — bJxfHnmon oj .hoIuIh. Is the* rate uniform for 

* * • 

any oiu' solid ^ Is it didcront for different solids ? ld<'lation * 
between eoeltiei(‘nts (»f linear, supertieial, and eubical expansion 
treated a.lg(‘biaieall\ , 

Nolc. -\ simple apparatus whieli can be constructed cheaply 
will ena.bl(‘ all the students to work together. This 
section giNcs admirable praetiee in Imilding'iip o(|uations. 
'rims th(i data ma> b(‘ (liseiissed m die following waV — 
What is the total ineiease in lengths . 

What is the ineiease in length ])(t degree ' * 

\Vliat increase pm* degrc'c occurred for eaidi cm. of length ^ 
.n<TO««o i.. leiiKth (Icgro.- »f 

original length 
(‘xpansion. 

Suppose a rod of metal is exactly 1 foot long at 0 ®C, 

‘ and the eoellieient of expansion is a — 

What will be the increase in length for I”, 2 ", ir . . . i° I 
(«°, 2ff, «f’). ^ 

■ What would bo the total increase in length if the rod 
wore 2 ", 3 °, 4 ® , . . L feet long*' (L a f). 

What IS now* the total length ' (b I b u f). 

Show* that this may be wTitten L (I 1 « f) 

(’ailing the length at O” Lo, and the length at l'\ L„ we 
have I/, li,, (1 1 a f). 

'riien after working simie examples, discuss in the same 
wiy supertieial and cubical cxpaT\sions. Take actual 
figures to show that the square and higher iiowers of « 
may be neglected Discuss contraction. Compare with 
algebraic involution and hence infer formula — 


(1 -t a)" = 1 -1-rw, where a is a very small quantity. 


Section XII . — Eximmon sf liquids. Behaviour of w\.ter. 
Relation between density and temperature. 


Note. —The simplest' way to treat this is to fit a calibrated 
small' boro tube to a lOcc. specific gravity bottle. The 
latter is fiUe 4 wdth water and immersed in a bath. The 
increase ,in volume as measured by the rise of water in 
108 



THR.PRELrMJNARV TECHNICAL COURSE 


fapillArj' tubc*i« plotttMl <>i^ scpiarod papor 'I'hiK i^ivcs 
the apparent expai&ion. On the «amo paper, and on 
the siftne abscissa, may l>e plotted the ealeiilated v.ihies 
or the eximnsion of ihe* vessel The two eur\es are tlieii 
added, and the Jfint^ curve represents the alisolute exjian- 
sion of water No hther metho«l lirings out so elearlv 
tlie relation *l)et ween the apparent and real expansion of 

the liquid'irtid the* expan^on of the envelope. 

• u 

Sj 3 «tion sill. — ExjmnMon of gaxt'.'i at constant j)ro.ssure. 
liierease^ofr prt'SHure at constant volume 

Note Vriiere are plenty of simple foiius of apparatus The 
.section gives admirable pri\*‘tice in flu else v. mat ion 

SiiCTfON ^SjKCtJic heat 

HliiCTRiN XV.—lJitcni h((it. 

• ft wifl he •obServ ed that tlu* work gives good pr.ietici' in 
equations, and espeeiallv in direct and indirect variation, 
l^ery scries of jiarticular casiss is followisl bv exanijiles in which 
symbols arc used, so that the students are continually acipiiring 
facility hi elementarv cii^jehra One defect is Uiat no chwnistry 
18 included. As a general lule, it is not found jiossifile to do 
more than cover the grounil which has bcmi outlined, mainly 
liecause of the proyoftion of slower students who ente/ flic first- 
year course and hamper the progres.s of the better students. 
Where, however, the conditions are favourable, the chemistry of 
air and the meaning of rombu.Mtion. at least, should be added-' 
( 6 ) Practical Drawing 

During the (ir.st?-year course the student will have* l(‘arnt 
to use his instruments, and will fiave become familiar with the 
method of drawing and the chief jiroperties of the regular 
figured. The second-year course generally consists'of a^erleH of 
exefeises in geometry, accompanied by sketching It is always 
recommended that draw ing .should be accompanied by calculation 
whenever possible. 

^ 0 # 

^ It is frwju^ntlv found to 1m* impossible to in< hide Meclmnn .s (pp 102-4) 
in the first year. The .subjetl is then taken in*tli» sc«oiid year, and Heal 
is treated in a more elementary manner. 
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NolPr—Tht} treatment of this aecition ia* worked *out ip srtmo 
detail in (’hapter VI * 

• ,• 

Section X.—The phenomewi mflting nmJ boiling 0 Deter- 
mination of melting and boiling ^loints. Alloys. Vapour 
pressure and the dew jxiint. . • 


Skctjon Xr — bJxfHnmon oj .hoIuIh. Is the* rate uniform for 

* * • 

any oiu' solid ^ Is it didcront for different solids ? ld<'lation * 
between eoeltiei(‘nts (»f linear, supertieial, and eubical expansion 
treated a.lg(‘biaieall\ 

Nolc. -\ simple apparatus whieli can be constructed cheaply 
will ena.bl(‘ all the students to work together. This 
section giNcs admirable praetiee in Imilding'iip o(|uations. 
'rims th(i data ma> b(‘ (liseiissed m die following waV — 
What is the total ineiease in lengths . 

What is the ineiease in length ])(t degree ' * 

\Vliat increase pm* degrc'c occurred for eaidi cm. of length ^ 
.n<TO««o i.. leiiKth (Icgro.- »f 

original length 
(‘xpansion. 

Suppose a rod of metal is exactly 1 foot long at 0 ®C, 

‘ and the eoellieient of expansion is a — 

What will be the increase in length for I”, 2 ", ir . . . i° I 
(«°, 2ff, «f’). ^ 

■ What would bo the total increase in length if the rod 
wore 2 ", 3 °, 4 ® , . . L feet long*' (L a f). 

What IS now* the total length ' (b I b u f). 

Show* that this may be wTitten L (I 1 « f) 

(’ailing the length at O” Lo, and the length at l'\ L„ we 
have I/, li,, (1 1 a f). 

'riien after working simie examples, discuss in the same 
wiy supertieial and cubical cxpaT\sions. Take actual 
figures to show that the square and higher iiowers of « 
may be neglected Discuss contraction. Compare with 
algebraic involution and hence infer formula — 


(1 -t a)" = 1 -1-rw, where a is a very small quantity. 


Section XII . — Eximmon sf liquids. Behaviour of w\.ter. 
Relation between density and temperature. 


Note. —The simplest' way to treat this is to fit a calibrated 
small' boro tube to a lOcc. specific gravity bottle. The 
latter is fiUe 4 wdth water and immersed in a bath. The 
increase ,in volume as measured by the rise of water in 
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The aim* M this order (^f doaliifir with an ohjwt is to en- 
tourage that jnental eoinparison of different parts and dimen- 
sions whteh the*skille<l (|^.ui4rlil''ni.in makes sul)eonseioiisl\ 
Some teachers prefer ^o \lMdeif a ke the pietoiial sketch first. 
})nt /or hegmners the plan is ])^\chologi( all\ uiwmnd 

‘At this stage h ‘is oIimous tlntt great care must he taken to 
seeure aeciirac;*, good <irrangemen/. and niMtiiess The students 
must learn ta) deride for themsel\(‘s upon the scale' U) he aeleijite'el 
and the <'f the diffeient views upon the i>aper. 
The> must he' uneh'r vigonuis supwvision as to well-sh.ii jM'iied 
[leneils afiel tly* e'or^'e'ct Use* of msfiumi'iits, aiiel a slueh'iit whei 
persfrls ig Imndmg n^) s|{»\(.-nl\ woik might as well he e\|)elle‘el 

frenn* the i' lass ^ ^ 

When stuele'ut has drawn an oh|('(t in plan, ele'vatiem, 
e‘*nel \ie*w, anel section he* should he aske'el to mdieafe the smallest 
numhi'r e)f views whieh gives all the dime iisioiis jeejuire'el, anel to 
say wkuh of the'se are the' mi»st useful A turthe-r eM'iviso 
mav tlu'ii he give'ii m \*1)ieh <in object is to he' re'presfiiti'el hy 
the mimmum niimhiT of vje'ws 

Some isoinetru' projection mav he* inlio«lue‘e'el. <'spef*ii^lly in 
the ease of sfueleiifs engaged m the' huilelmg tiaeles The ajijili- 
e'atiem eif the* methoel to me'chanieal diawmg is rathe'i' limiti'd. 

If the' line and plane' aie iiie'lueleel, as In See'tioiis VII and 

VUl , it is impe r.itive' that moele*K!'he»uld he- maeh' 'I'hat is to 

sav. the elrawmg shoulel hecut out .mil foleh'el along thi^ line's of 

intersection of plan anel I'levatmii, and the line (ri'jn’esenteel 

hy a thread) or plane fixed in position 'I’his takes a little 

time, hut it ensure* that the* students reallv uiielerstanel tlu; 
• • • 
const me tioiir 

It is jicrhajis desirable again to emphasi/e the- imjiortanee 
of drawing from actual ohjeets, and of proelueing neat, well- 
arranged work in which the jinnciples of pioje'ctioy are' oheved. 
The essenflafaim of the class is to teaelulr.iw ing, anel this must 
appear in every diioetioii issued hy the teachei^ 
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English 

Probably no Hubjeot ofTors iwor# variety tin inetfiod than 
h]ngliHli jn the Preliminary Technjt/l t'ourse. Almost every 
Icaeher would, if asked for his opinion, express a different Miew. 
In most eases a book is read in* class and in jf ftiw cases at home 
also. This may range from a/'ommerrial Reader (dealing with • 
industrial prodiuits and jmxjesses) to a volume )f ^Dickens^ 
In every cas(^ essavs are set during the session. These may bear 
wholly upon the reading, or never include a single topic from 
the book. A few may deal witli topics tal^.en on other nights, 
but this is rare. They arc generally vritten in class,* and 
occasionally at home Sometimes a good deal of grammeJ is 
included Not many eases would be found in which attention 
was paid to English in other subjects of the course. 

The oljject of reipiiring the subject at all is very clearly to 
improye the student’s ability to express himself, though some 
w'ouUl si'V that it was intended to sujiply the imltural element 
in a curriculum that is necessarily narrow and restricted. It 
will bo profitable to consider the former aspect — the improve- 
ment of expression — first. 

Now- this IS usually held to be dependent upon two 
factors- - 

{a) vocabulary , 

(/») practice in speaking and writing. 

Conseipiently the student reads a book to imiuovc his 
vocabulary and to furnish models of expiession, and writes 
V essays for practice. Assuming that this 's true, nearly overy- 
tliing dejK'iids on the choice of a suitable book, (^nc containing 
many colloquiallisms, dialogue, or archaic expressions is 
obviously unsuitable A book permissible if a broader 
cultural influence were desired might clearly bo unsuitable 
as a model of 8tyle^ The examining body tKaf’ prescribed 

Browning’s Ricd Ptper of Ilamdin for the Preliminary" 
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Teohnjpal Coarse certainly^ did nolf look to the special book to 
provide a nyxlol for a technical report ! 

But the statexpent as to tho^quoation of vocabulary and style is 
really only a half-truth. \^presBion postulates knowledge which 
can^be expressed. • Words without ideas behind them are peda- 
gogical skeletoii8»--«soless for ovary purpose in life. Moreover, 
Pnov^eSge which is not systematic, well-arranged, organized, 
cannot be expressed clearly and .succinctly. So that tho lirst 
essentia^of expression is a well-stocked mind, and tho second 
is practice in expressing what tl\<) studentf knows. Any book 
which is*of such interest to the students that they will readily 
thinic, tajk, write abput its contents forms an admirable medium 
for* securing orderliness of thought and llueney of speech and 
writing. And for this piirpo.se none of the other subjects upon 
"Which tho student is engaged can be rejected It is imperative 
t£at the whole of tho work that the student does should 
contribute its quota. 

Just a word as to Securing orderliness ot thinkii^. It is 
first necessary that the student should be suflieiently acquainted 
with the topic to think at alb Imperfectly digested knywledgc, 
introduced at the beginning of a le8.son for the purjtoBC of an 
essay, is practically useless. And in any ease a topic involving 
many points is not suitable for the early part of the session. 
If, however, answers to question^ are asked for, the student 
is not worried by the “form ” in which tho answer is to bo 
given, and ho oonc'tntratcs all his attention on the subject, 
as ho ought to do. Simple quehtions involving only one 
idea ai'o replaced by more complex (jucstionH involving two^ 
or more ideas, and these give place in turn lo questions 
whi^h require “ es-say ” answers If in tho result tho 
arrangement is bad, it should be discussed in class, a plan 
drawn up, and the essays rewTitten. But it is most undesir- 
able to dww up a plan for an essay ^which involves wholly 
new knowledge. Any attempt to systematize knowledge 
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})of()ro the exact detects ot* systen\ are Ttnown fs*a leap * in 
the (lark. • 

So much foi oxpre.s.sion The atlcrnpt to inteoducc ft broader 
culture into tlie course by a book of fJil Ikeraiy value is outside 
of the main question, and stands’or falls by Hie teacher's ability 
to (U'Jil uith the hook in th(* right spirit ‘ H ho can-do h(^ 
well and goiul. If he cannot,. the attempt is a naste of«time.' » 

The (iu(‘stion as to whether grammar should We included 
is one of very great ditlieuliy. It is certain that myftakes of 
spc('ch and writing cannot »’.)e corrected intelligently without 
some ref(‘reneo to the laws and [)riiiei])l(‘s Jiy which language 
is governed. At the same time, most pi'cple speak (^eeonling 
to habit, and not aecording to grammar, apd ,;t is, doubtful 
whether the “habits*’ of daily life can be affected liy a few 
minutes’ instruction twcmly-five times a year. It is something 
to make ji man intelligent and intelligible. To make him 
gramn^atical also is a task for the gods ’ ^ « 

* The writer lias no desiu* to belitilo the iinjxirtam’e of bti*iary study 
for ludustnal .students, oi to di*n\ the po.s.Ml»)lity of Us iiulusHui in the 
Prolnquiarv 'IVchnical Couiso Ihit he has thouglit it desnable to 
enijihaai/e the imniinum reipineinents, and to induate hoiv these may be 
secured, without making too great a demaml upon the tearher’s literal} 
taste ami discernment. 



(lIAITKlt \ 

•> 

M\TIII M\T1( 

The chaiMcior of iho \M)rk iii th(*«Pr<‘lmnnaiv 1\‘(*hnical (\nirse 
ha.H jiIh^kIn Jf the Mikjoct lias Iutii skilfully 

taii|thf., ilie jaijul w^ll bo iililo lo sol\o oloinontar\ (‘\ainj)Ios in 
inoi’surafion. ^iiul ho uill ha\o aoqiiirod sonio fa< ilit\ in tho iiso 
of sinijilc 0 (|uationM Furthor, ho nia\ - in fact, ho oiijrht to — 
‘bo alilc to soho probkuns in\ot\injr tho sino <*osino, ami tanjjont, 
and to u.s(‘ a set of tables Of fonnal al^(‘bra ho wilj kmm very 
little,# and of dodiicti\<* irooniotry nothinc at all Stjll, tho 
knowledge outlined is*- proMdod it is sound - \iPt nearly 
.sufiiei(‘iit to ean\ him (hrouj^h tho lirst Man's work at a 7Vehnieal 
School A \or\ slight oxtoii.sion, in an\ e<ise, would U* pimple. 

But, notuithstitiiding, it is eiistoniai\ to at(onij»t a sehomo 
wliioh goes \orv niuoh further, and it will bo well to show in 
what wav this is undosirablo It niav first bo observed that tho 
change from tho type ami oharaoUT of tho mstnietion in aCon- 
iinuation fijehool to that in a Toohnieal School is a sovyre Ktrain. 
The fitudont iilungoM direct I\ intojtho stud\ of technical subjects 
under teachers w ho aio more or loss spoeia lists, and w ho frequently 
lack that skill whiclkis so noeossaiN when now ground is being 
broken. Ho leaves a school in w hich tho teai hers are expcricncwl 
in dealing with boginnois for one in which they are not ; and 
he becomes a member of a ela.ss of selocted minds. For in 
ewry co-ordinated system of .schools in which attendance is 
voluntary 'iRe weaker students fall outreach year, and the 
general level of ability and perseveiaiice rise**. The tstudent 
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who enters a Technical School enters^ upoif a life Uhht mcfre 
strenuous, and into a competition that is keener,, than thope 
to which ho has been accustomed.. Inuring th^ first year many 
find the ])aco too hot for them. Sobjbng as they remain they 
derive benefit at least from the technical ' subjects, and, on 
account of the presence of bothvlasses of student it is unwise to 
make the standard in mathematics unnecmanly high. A hoavjT 
fall in attendance in the first year is more likely t(i, bo due to 
extravagant notions of the importanec of mathematiefi at this* 
stage than to any olher caiisft. 

Mathematical education in this country is in a transition 

* r *■ 

stage, and opinion is so divided that it difiiimlt tg diacuss 

* matter and method without entering into polemics, /^ne 
principle alone may be regarded as generally accepted—that a 

* man who requires mathematics only as an aid to the study of' 
some applied science need not go through a complete systematTc 
study of mathematics. But beyond this complications, arise. 
Some corridor that the principle is satis^Iled if the student learns 
certain rules by rote, and performs mathematical processes 
mechankially. Others believe thatihe principle merely sanctions 
omissions,* and that it involves essentially the ordinary rigour 
of mathematical proof. Between these two extremes will be 
found ever}' error that is committed in mathematical teaching. 
Another way of stating the principle is to say that so long as 
a student can understand the mathematical operations in the 
technical books he is required to read, and cah solve the problems 
which are likely to arise in his daily work, his need is satisfied, 
^his, perhaps, brings out more clearly the 4ct that the technical 
student* has no responsibility in regard to the deyelopment of. 
mathematical science or the establishment of its laws, but that 
he must understand some of its methods and be acquainted with 
certain of their results. 

*■ I 

The difficulty in pjractice in acquiring this knowledge and 
skill apses fro^ th*e fact that mathematical science itself is 
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oatablishofl 'by dedifctivo ^nethod*. Historically, inatlienuitics 
ccjmmenced. as a priK'tieal art, and many of its truths were 
approh(]ftided ex{ioriinental]y tjr intuitively and used for practical 
imrposos long before •tluj' Nielded to logical proof. Snnilurly, 
intelligent use canHao inodo of rt'sults by those to whom the proof 
would be unintelHgiblo. In fact the teacher must distinguish 
betwocn the lunction of a proc^ in the classroom and in the 
oatablishnnnt of a scien(‘e In the former its mam purjiose is to 
convinc^ the student that some relation im true, so that he 
may use it \Mth eonfidenec. In tli^) latter flie purpose is to con- 
vince leadors^of thought that the relation is tnie. The sludent 
muttt inj^ke use of, relations, the pnxd of whuh ho could not 
understand, a^id to give him a proof which, while intelligible to 
inatheinaticians, is unintelligible to him is a farce — ))ut one 
‘which is freiiuently j)Iaye<l. 

The word “ proof ” has been used heie because an\ argument 
widely carries conviction is commonly said to " prove the point.” 
In order to avoid confusion, it may be well to set ouUthe three 
methods for securing coiiMction which .iic a\ailuble for the 
mathematical teacher. ThCiC are - 

(1) hJVperimcntal 

(2) Intuitive. 

(3) Logical or .scientific. 

The experimental method is, a proof within the limits of 
manipulatrvo or mstnimcntal accuracy of a jiarticular case. 
It does not furnish'* a proof m the sense understood by mathe- 
maticians, but is generally simple, pnictical, and adequate to 
secure conviction. , ^ 

If a numlier of similar exjieriments are |)i‘.rformcd either by 
one student or by distribution among the cliiss, contemplation 
of the results often suggests the existence of a general law, and 
th« minds of the students grasp the truth by^ “ intuition.” 
This, agahi,*is not a proof in a mathematical sen.se, but it 
convinces the student, and the method by whuj^ it was/eiiched 
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iiuprcs8Crt the Iriitli on lus« mind. ^ Moreover, it* 6ncoprages 
hypotheses and di^velojw the experimental hahft. 

Tlie logical or scuMitilic metluxKsuffers from Jhc disaitvantage 
that main mimls have great dillieul^.^^ nv realizing a universal 
statement So long .is p.irtieular ease.s are ^irst presented ^for 
their coiisider.ition, th(‘\ may l)*‘ able to go adnng way towards 
the eoneeiition of a universal truth, hut this m^mtal attiludc* 
has to he approached hy eas\ st.igi's , 

It IS now poM.sihle to advance a second principle— th^ mathe-* 
niatics specially suitflhle for t^'ehnical students is not deserilied 
exactly hy the statement that it is a shortened courst‘. It is 

• • f $ 

«i selection of m.ithematieal methods and tfiiths stiidie^l imynly 
hy experiment and intuition, and only sparingly in the eiirly 
stages hy logical methods of invest ig<ition. 

'Plus principle neither encour.iges pseudo -scientilie methods* 
nor excludes the ilevelopment of a more juirely intellectual 
interest, 'f'lu* teacher is free to u.se his judgment in the eipjiloy- 
ment of piore rigorous methods of jiror/h provided always that 
they are within the comprehension of his class. Rut he will 
always be limited hv the fact that some jiroofs involve pre- 
liminary OAcarsions into pure mathematics which the more press- 
ing needs of his students would not ju.stify. He cannot build up 
a comprehensive structure of mathematical science That is the 
business of the m.itheiiiatieians. At tfic same time, ho ought 
to make (piite clear to his students the nature and value of the 
methods thev u.se '* 

At the hack of the two principles which have been enunciated 
is the idea that tor the purpose in view mathematics is an art, 
to be pTacti^ed m close association with the other subjbets of 
instruction. This does not mean that it should bo taught as 
a separate subject and then applied to other subjects, but that 
it should bo derived from a quantitative study of these subjects, 
.fust as in the dawn dt civilization mathematicalf ideas arose 
from man’s study of his environment, so should the student 
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iliveiop UiQ habit wf dealing wit]^ iu^ inechaiiic!), or \\hatc\ur 
It may lx*, quAnt datively. 

* To jtfit the inatter in another way, the use of the expeiimental 
and intuitive method *i^volves ill's! the studv of eonerete 
particular eases. ,Tliese ifla\ just as well he the eonstiuetions 
111 gcometiy or, tjie lelalions in meehanies. as example.s drawn 

^froifi^ifiiyw he^e for no appaient reason. This plan does no! give 
a narrow training, as i.s .sometimes uiged, beiaiise liowever tlie 
proee.s.siari.ses oi the lelation a|>peai.s, il e.m lx* used in sol\ing 
miscellaneous evamplesol a similar 1 \ pe Miinilaih , tlu' (»l)jeetion 
that niiitliematies if .studied ineidenlally in eonneelion with* 

meehanies wiaild lie in an illogieal oiilm’ does not hold. For if 

• • • 

this were .so a .sejmiate elass m mathematies would not help a 
s^lldent to solve piobleins (d more than a iritam dillieultv fn 
• meehanies If the objection has any weight in a paitieular ease* 
the .syllalnis in medianies needs to be leiMst 

A entieisni that h.is, at lii.st sight onlv, inoie ford* is that the 
.stiidenfs’ mathematieu* knowleilge would lx* nusystematit'. Jhit 
this Is reall\ of no eonseijiK'iiee. Hi-, mind ought ^not to lie 
organized in three eoiupaitments -one for ea 4 *h night of attend- 
ance, and Ills intTItal pnx esses do not consist ok llu** siijier- 
position of a portion of the contents of one department upon 
a portion of the contents of another ’ A well organized niind- 
eontent Is organized a.s*a whole — there should be quite as elese 
association between a ni.itheinafKal lelation and the physical 
relation which it may represent as Ix-tweeii that inirthi'inatieal 
relation and others which aic h»guall\ imineeted with it. The 
advocates of a separate and s\ sternal i<- stud\ of mathematies 
haver only the mind-content of a mathematieian ui view. WhM 
i.s needed by the student is not so mueli a knowledge of mathe- 
matics as a matheinatieal knowledge of hi.s technical subject, 
lidoas about mathematics arc of le.s.s importanee than mathe- 
matical ideA.s ; for the latter will primipt a mad habitually to 
deal quantitatively, and therefore exactly, with any bubject 
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that lendn itself to quantitative treatment* The ideal apange- 
ment, therefore, in one in which mathematics i8 not treated as 
a separate subject. ^ • 

But however sound this doctrine rrfey be, there will be many 
cases for many years in which matRematiesris not only taught 
in a sejiarate class, but also lyider a separaXe. teacher. There 
can, however, be no possible objection to the use^of data^ithicff 
arc obtained m other subjects of instruction, and wh^t is needed 
more particularly js the emiiloymcnt of these as the starting -• 
points ill the mathematical^ teaching. As in other subjects, 
these jioints should be within the circle of experiejice and 
interest. Perhaps in no other subject is the starting^-poiqt so 
generally remote from interest and experience, and this* is 
ecrtaiiily one of the reasons why mathematics is often fouitd 
so diflicult. A golden nilc of teaching mathematics is to* 
break new ground by considering an interesting and practic'hl 
problem, afid thus to lead the students to feel the importance 
of forging a new weapon. *>«• 

It remains now' to indicate brieliy the scojie of a First-Year 
Course of Practical Mathematics, assuming a knowledge of the 
Proliminaiiy Course. In view of what Has been written this 
cannot be done in a very satisfactory' way, because the 
mathematics should depend on other subjects. Still, at this 
stage the subject is more generally as'sociatcd with geometry, 
and this subject will be taken as the basis. The scheme 
should nbt bo taken, however, as indicating much more than 
the scope and general arrangement of the teaching. 

I. — Length. Use of Vernier, sliding ’and screw callipers, and 
spherombtor. Limits of accuracy in draw ing in the laboratory 
and in the w orkshop. Averages and approximations. Problems 
involving fractions, decimals, and percentages. 

Note . — The object hijfc is to revise the conception of units, 
to extend practice in measurement, and to render the 
knowledge of Inethods and limitations more exact. The 
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UHe«Qf a snijJl lens for rei\^ing small ilislanccs may be 
'introduced. If thl# is mounUMl in a cork vith a piece 
of cardboard having a hole and a vertical thread across 
some a^’ciiratc results can be obtained with an ordinary 
ruler. « • • 

The kind of pr^Jilcms may vary ^\iih the students. 
Those in chgineering may deal \\ith the sr/.es of bolts, 
nuts, riv(;t.s, metal ]ilates‘, and theiv is a wide range of 
^calculations smtalde for .students of ehenihstry and 
physic:?. Any of the JVehininar\ 'reelinieal Course 
work may be drawn ujion, Init if problems are set 
(^itsidc this, care must be taken that the ilata aie under- 
stood 

H. — Logarilhuji. • 

• 

NoU .- 'rhe rtse <)f \(t\ large and ver\ "iiiall nunibers in the lirst 

* s(^-ti()n w ill hll\ e show n the de.sirabihty of a simple noinen- 

1 clature, ayd the index notation may be explained and ' 
used After the student has become familiar w ith this, he 
, IS introduced to logarithms- tirst b\ jilottmg lb, 10% and • 
Kt' on .scpiared ]>aper When tin* meaning is clear, the 
rest IS a matter of drill 

It w of the utmost importance that all work involving 
*l<*garithm.s hh()u|d bo n(‘atly arranged, and an uncoin- 
proiiiising severit\ at this .stage will save m^ieh time 
and troulile later No sliji-shod or untaly work should 
be tolerated for a moment During the remainder of 
the course kiganthms should be u.sed reguhfrly and 
.systeiiiatieallS’, 

III — inea^urmcnt The circular measure of an 

angle. Angular veloeityf Other propel ties of an angle — tangent, 
sine, and cosine. Projection (»f a* line on a iilane by drawing 
and trigonometry. • • 

Note . — The .student ought to* be sulheieiitly familiar with 
the me<isurement of angles m degre<*s The radian often 
, presents a dHIiculty, especially when it is^tauj^ht froiik 
ft book. At thi.s— and, indeed, at all stages of the work — 
the student should have his instruments at hand, and 
geometrical conbtniction.s should precede theoretical 
discussion. 

• Thus, when a student has drawn half-a-dozen circles 
of diflfcrent sizes, and*has marki^ off on ca^h circumfer- 
ence a distance equal to the radius, ‘hq will readily conclude 
that the radian is independent of t*’« mAiun 
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• 

It is prolwible tha^ tho students, are alrgwly familiar 
with tho sine, eosine, and •tangent, which wifl Ynost 
likely have been introduced m eonneetittn with .the 
right - angled triangle. It is then^foiy desirable that 
th(‘y should leant to regard rtiise relations as pertaining 
to tin* angle itself. *• 

It IS <i.s.v,uine<l that the eonstaney t)f the ratio of, the 
sides of similar triangles Jias been shown yt the Prelimmary 
(*onis<‘ If this IS found to ha\e been forgotten, •it.mui# 
of course be dealt withdiere 

\\\— Mcnsiitdhon of litfuku Ji(/ut(f< lve\ision ai%l exten* * 
sion with use of tM|5:onoinetr,\ . Algebraii! e.xpressioiis involving 
second ])owers and thmr fai'tois ^ . 

Nok'.- -'riie methods of const meting 'and ealeiifttin^ the 
areas of most ot the ri'giiLir liguies wi)l b^^ kno,wn #This 
rcMsion gi\t‘s some piaetiee in tngonometr\, and (‘iiables 
more diltieiilt examples than those of the Prelmunarv 
(\nirse to be solved. ^ 

'I’he introduction of algebra at this stage recpiires 
sonV' explanation. Practice m the* manipulation of 

symbols is necessarv somewhere^, and th(‘ usual ^)lan is 
tv fling it at the student without leason The essence 
of teaching is to get the student to t(‘(‘l th(‘ necessity 
for the next step In this case it is natural to proceed 
« from ])articular cases of .irea to general statements, and 
tins introduces (*.\pres.sions iiuohing'the first and second 
]H)wers. 'Pile student enters upon factors through 
concrete* illustrations Compare the remarks in the early 
part of Chapter IX. ^ 

X.-Simil<n liianqh’.'s. Patio and proportion. Areas of 

similar figures. Ivcduetion and enlargemdht Variation. 

• 

iVo/r - -In .sexcral books ratio and proportion are dealt with 
algebraicalK and then applied to .the study of similar 
tiguri*'. The geometrical method is prcfcrabJi;.' As a 
matter of fact, the idea of ratio is inxolved m fractions, 
and projMirtion is best understood as an cijuality of two 
ratios Some mathematuMl leaehei*s object to this very 
strongly, but it is not easv to sw wlmre the validity of, the 
objeKioii lies, ^'’lie ditfereiftce is mainl}' one of expression, 
and tho ideas are precisely the same 
Variation Is appropriate here, because in its simplest 

' f 
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ft)nu ,it IS stat(‘nu‘iit Ilu‘ rohilion botwa’ii two 
rati(» or jmKliict con.stant. 

•• • 

yi}—SnIuIs.*\{v\isu^i\ and oxlonsion Dovolopnu'nt of 
pynvinid Jiiid I'oiu'. 'I’lft' .s| 4 ^ci(* Volnino and weiglit. Algebraic 
expw^shions in\olving the eiibe and higher jioweiN imd their 
{iictors^ • ‘ * 

*• • • 

Xol( — In tins seeti(»n again thiTe i^ a nianite^t ad\antage in 
a<^‘iirate drawing to preeed<‘ tin* in‘w nil(‘s in mensuration. 

'J’he (le\elo|)inent ot tin* r(‘et<ingnlar tiiangnlar, and 
ln*\agonal prisms .iinl of tin* e\ litnU'f, .should lx* lamiliai, 

• ai\|l will prob.ibh not in*ed to l)e done ag.im 'I'liatof the 
pM.milfl coin* <ind sphen* w ill he new 'Fin* p\ ramid .should 
i)<»treat(*d trigonometin alls prohahK a hippeil roof or 
the p\rami<lal top of «i .s(|u.in* g.ite post will furnish a 
good ( xanTple In all < .ises sonn* letual obje(*l wlnelf 
has <ie(jiiir(‘d int(*i(‘st from its lelation to nnlu,strial 
openitions is l)«*tter than a nn*ie geometiieal model. 

'Pluis tin* .siirlaee and (ontents of t.inks in the form of 
jiNramnls ainl (oin*s, and eoiinal or p\ lamniwl liojipi'rs, 
•|H;o\i(le admir.ible (*\ereis(*s \notln*r .suitable t^ilijc'et 
IS <i e\ liinliieal *f)ink with hemispherieal einl.s, .and tin* 
amount (tf metal slu*elnig re(|Uii(*<l for ,i donieil*^rooi 
Tin* iiitroduetion of lurlher alg(*bra at tins stage* d<‘- 
pi'iids upon pij^nipl(*s .ehidi ha\e ah(*.nl\ been (lueijs.s(Hl. 
•' • 

Vdl. - -- ArV/i/u/mw-s and (Iraphx. The c o-oidniat(‘s of a 
jioint. The eepiation ol a straight Inn* Interpretation oi 
the constants and their effect on tin* liin*. Solution of 

aimultaneous equ.itnuis Tieatmeiit of e\p(*uinental n*.siills 
• • 

Xoic — 'Phis .section is mtend (*<4 to s\ st( matize tin* students’ 
knowledge of eepuitions and giaphs, ami to .serve as an 
introdin-tion ^o co-onlinate g(*oiin*trv Jn order (o s(‘cure. 
•dexterity in plotting, ainl to fanniiaii/e tin* ^tudejits witlf 
ftiv l^^lIl■ angles, some practice* in phittmg tin* position 
of jioints .should be gi\e*n Re‘fe*ienee shoulel the*n be 
niaele tei vanatieui (Section V ), and it .shoulel be shown 
that the grajih exhibits the* vonlinnous vaiiation e»f one 
quantity with aneithe'r, 

Grai^iKs of this kind .sheiuld t)f sharply distinguished 
‘ This Section may precede hection V. in soiyc 0.1*14 s 
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from those which rci)re8ent st.atistics and* prices. The 
(‘ssciitial char.ict eristics of the equation ftf a straight line 
should 1k‘ cm|>hasizccl by comparison with the graphs of 
th(‘ (‘(juations pc = constant, and Ih dealing 

with cApcrimcntal results tlk‘ aj)ility to interi)ret the 
(ill VC IS of prime importaiuy 

Experience shows that tht'' scheme set out iu the pxeqeding 
jjages IS liable to be inisundi'rstood It will tiiercfore be an ' 
a,dvantag(‘ to state each section in terms of the mathematical , 
rcHidts and proc-esses studied — 

(1) Eractions, Dcciinals, and I’eieeiitagcs 

(2) Indices and Logarithms 
(11) Angl(‘s and their propertu's 

(4) Siyiple Involution and Algebniic Eactors 

(o) Katio, lho[)ortion, and Variation 

((>) Harder Involution and Eactors 

(7) Simple Co-ordinate Geometry of the straight line 

IlOfoie leaxing this subject, it is -desirable to eiiijihasize, 
even at the risk of repetition, one jiniuiplc That is the way 
in which each lesson is introduced Referring to Chapter VI., 
the starting -point must be within the nthge of the btudent’s 
interest and knowledge. It imiy be something which arose 
in a previous sindion or something which has arisen in classes 
held on other exenings in the week. The former method has 
tho advantage that it tends to make the subjwt a better- 
artuidated whole, and tho .second has tho merit of emphasizing 
tho essential unity of the course In tlic first year, when the 
mathematics is subsidiarv, when the student is, in fact, Icai-ning 
inatlien.atics largelv through engineering or physics. JJ)d latter 
method should be usetl whei*e\er possible. • 

In small schools it frequently occurs that each clas.s in mathe- 
matics is attended by students who belong to tw'o or three 
courses. Clearly the s6cond plarf’ is then impossible. But it 
does not follow that the subject need be wholly divorced from 
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the*ma|p irtterefits of ihc chiss. OotAsionally the fear of making 
the subject too narrow or technical loads to applications which 
are of n» interest value to anv of the students. 

I • * 

.If the subject i.s self-c(»ntaincd so far as the starting-point 
is concerned, it need not fie so in regard to aiiplication. and 
though the teachttT has to introduce each section through inaterial 
(Whicli Js fainihar to all. he should keep in mind the various 
interests represented, and .shoulil 1)(‘ prepared to ajiply the 
fhathemtitics to the constituent subjects of all the courses of 
which the mathematics forms a jwyt If tile class is so mixcsl 
that ft cannot be di\ided into at most thrir groups, then th(‘ 
best ^oncytions* for efiicient teac'hiiig arc absent 

The second - vear couise need not bo discnss(‘d in detail, « 
but an outline svllabiis mav be useful 


, 1 . — Indices and Uxjs. 

(а) Index rotation revi.sed Simplification of expressions 

* containing Hur 4 ^(^ and indices. • 

(б) (Vimnion logs Slide rule 'Fables Hiile o^ propor- 
tional differences (liangc of base Natural logs. 

II, — TrujonomelvJ^ Extension to mclud<^ the formula* — 

. *. = ; b--C‘ I — 2 uc cos B; 

.sin A sill B sin l. 

^ A rtc sin B 

Application to the projection <)f a line on tw'o co-ordinate 
planes, and to the triangle of forces. ^ 

Vector notation applied to velocities and forces. 

III. — Linear equations and graphs. Revision of previous 

year’s work. * • • • 


t\'. — Quadratic equations and graphs. Graphs of s—lgt'^, 
and s^vt±^gi^. 

•Graphs of y = ax‘ and y^aa^>.bx-i-c. The parabola. 
Maxima and minima. Solution of^Juadratics graphically 
and analytically. 
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The equation to a circlet 

V — InviTHc variation The equcation constant and 'its 

^raph. The l•^“Ctangula^ hyperbola., ( 

Th(‘ eipiatiori pe” conHtaiit aiKj,ats ^rapn. 

C 

\’l Kiiuationx. Mi-scel la neons (‘(pialions which are m(#re 
readily solved b\ analytical methods. 

In both years the intiodid*tion of rigorous scientifie proofs 
is entir(“ly withm the teacher’s discretion. lie shoul^ bear in* 
mind, however, tha^ a jiroof which satisfied him is of no value 
to his students unless they understand it. As tho^' aue not 
mathematicians, tliere is no oliligation tor thbm to* go out of their 
way to establish mathcmali<*al tiuths. It is their busincfiji to 
«try to understand such truths, and it is the tedchers busiiiHs 
to pi(‘sent Ills subjects in such a wa) that they can understand 
Micm. It IS obvious that he should avoid, as tar as possible, 
ofTermg any statmneiit as a tiuth which ho himself could not 
estabksh if occasion reiiuned. Thi.s is t^lJe niiniinum requirement 
of the trust reposed in him. 



OHAPTn!l{ XI 

E \ PER I M EN TA L SUBJ ECTS 

In (loalinjj with anv oxpoiinu'ntal.scicticp It h first iiocrssary 

to coiIsi(l#r IS the |M(‘cis(‘ fimction which Iahorato?\ work 

])lavfv lu \^‘achnV t^o far .is the iMflicr stajzi's arc coiiciTiicd 

the (Luestiiai has liccn aiiswcicd iii ('h.ij)tci VI It is there 
***** • 

shown lli.it puu'tical woik is ikmcsmiin in .i ni‘w siihjcci to 

(’roate the nucleus of c\|M‘iienc(‘ around whah can l>(‘ huilf up 

the wider ar<‘a of heln'f Th(‘ student must Icain at fiist hand 

Kometl^inj? <d tlu' propeities of matter, the mode of'action of 

machines, the nature ('If phvsiial phi'iiomeiM and chemical 

change, and the nie.ining of (‘\pciiment ladoie he can appicciati* 

the vast stores of knowledge 4hat ha\e amimulated sim(‘ man 
•• * * 
omergwl from the ohscurity of fh(‘ c.i\e This need of personal 

observation and (‘xpeiience has been felt c\cn b\ men who coiiM 

not 1)0 diargi'd with lack of imagination It is recordisl of 

Michael Faradav th.it ho rarely jintcicd upon an_\ research 

until he had rcjiealed the more imjiortant experiments of those 

who had preceded him 

Now- there are some students \o constituted mentally that, 
they can learn ulnlo^^ as miii’li bv merel\ seeing an expiuiment 
pcrform«'I»ift;j they can by personal exei-ution. In ^he old davs 
the student who attendetl classes in ])h\sics or iiiei-Iiaiuci^ or 
chemistry might scc many experiinenl.s performed, though he 
w’a» rarely allowed to attempt them himself. Still he learnt 
a good deal. ’In recent years the peniTitium has swung in the 
opposite direction, until it is eon‘»idered iwessary th.at ^nearly 
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every experiment Hhould be carried, out by the studenjis indi- 
vidually. In this way a great deal of time is waijted upon the 
performance of experiments which teach very little. ® 

Unfortunately the rise in importance .of laboratory work and 
the concentration upon experiments which give quantit§.tive 
results has killed the more showy lecture experiment^ whifth, 
if it did not convey much exact knowledge, at least attracteS# 
the student, stimulated his interest, and spurred him to activity. 
On the other hand, the laboratory has tended to became moA * 
fpiantitativc and Icos inspiring in character. 

The latter result was probably inevitable, for •when 
laboratory exorcises are introduced exact numerical gtatc- 
ments are indispensable in order to build uj) results ^ ^and 
^measurement, rather than qualitative observation, becomes of 
(irst importance. But measurement is not so much an end 
in itself as a means to an end, and the newer method depends 
less upon the intrinsic interest of the practical work than upon 
the joy, of intellectual acquisition to which it leads. For it 
cannot be denied that the entry of a new truth into the mind 
])roduops a feeling of pleasure, and serves as a stimulus to further 
effort, which is at least equal to that prodaced by more showy 
experiments. Any one who doubts this has only to look at 
the faces of the students when a point hitherto obscure has 
suddenly become intelligible to them. In fact, their facial 
expression is an excellent indicator of the effectiveness of the 
teaching. 

The principle enunciated' in Chapter VI. that experimental 
work should precede discussion in the early stages is not very 
gonerahy rOeognized. The labomtories were first Jnt^oduced 
into Universities and then into Technical Schools. Men who 
have received their instruction in Universities in which methods 
suitable for advanced students alone were used come out mto 
the world as teachers yiirhout any suggestion as to the methods 
which should be embloved for beginners. There is small reason 
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tu. wonder* tjien that much of th(^ teiichiiig I’csolves itsolf info 

* • 

an abridged edttion of the Ibuversity eourhc. 

*If Hii^h a goes into a sccoiuUrv school he soon linds 
tl\at these methods ^aro* ^mpnvcticablo in the ease of l)o\s 
Moreover, he is tJion in Viose touch with other teaeliers wlio 
have had some ^experience, and^from tiiein he learns to avoid 
^ lomfti^i mistakes, and aeijuircs some of the wisdom which lias 
yet to bo tabulated and orgainzcil into a science of special 
* ^aiethod,^ Hut in a Te<hnical School a Iciieher is more fre(|Uentl\ 
an isolated unit, left to plough a loneh fti^row, heinined in on 
all sides ]^y a curious kind of professional eti<|uette whu h foiliids 
method being •diseWsed. and living in <ui atmospluue which 
regards inetHod as suitable onlv for te.ieheis of small ihildicn 
JtTis some* tiilfe, ftierefore. before he learns that most lu^gmiieif 
4i.re precisely m the position of httk* «)nes, with the saim‘ 
dilHculties, and recjuiiing \er\ much the saim* methmls to ovei- 
come them Then, again, though he slmuM come to afeoneliision 
as to vvlAt eonstilutes ;lk(‘ best method he me'‘1s with olMack's 
in the way of its iiitroduetion which reach their gieate^f stiengtb 
in Evening Technical Schoi^ls. d’o hegm with, tlie stmliMits 
only have a hmite(J*lime Next, th(‘ movement m,l.i\onr of 
laboratory woik has developed moic rapidlv than lalxnatorv 
accommodation. His use ot the lahoiatoiv is often limited lo 
a sharply delined penotf on one evening a week 'I’lius casi's 
are known in which the Meehaiiieal Lahoi.ilones aie occupied 
on every evening ir the week, ami th«‘ classes have pass m 
and out with mechanical regularilR. Hut two things aro eleai 
For effective teaching in the early stages sonic of the work mnsi 
be doi!b bv the students themselves, and this must tpiei cd<“* 
any*di8CU8sion or oxteiision of the r'huUs, The plan hv which 
at a particular time some students are doing woik whuh luis 
beq;i discussed and exhausted some weeks ago, while others 
are drawing conclusions fronf cx]H*rim«.is which Hepenil ujam 
that which has not been discussed at all,*is pernicious in the 

' . 1 
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oxtreino. W'hen a class haft acquijetl a "fairly full outUner of 
the suhjori, and has become familiar with the ccyistructioii of 
apparatus and method of carrying out experiments, th# order of 
ox|)(‘rim(‘nt is of less importance, lilt 0¥cn here a promiscuous 
order is lud- to bo entered upon liglitly. In*thc first year jvt a 
now subject the order is fundamental and eaunot be departed 
from without seriously impeding the student’s pnogross. , * 

If a close connection between theoretical and practical 
rtoik is to be secured, it is clear that the students wnust dfl 
umilar work at the Jramc tinv? laboratory. In f'hemistry 

uid KlenHuitary Physics this has always been possible. in focent 
rears, because (he apparatus is simple, inexpensh'o, ayd readily 
uultiplied Hut m Mechanics the apjiaratus is as yet oi>the 
L’luvm’sity plan In many ca.MOs only one instni'ment for each 
purpose can be obtained, and the teaching has necessarily 
approximated in method to that at the universities, ^ho 
adoption, however, of the methods of teaching outlyicd in 
Chapter. VI enables the students to inhke uniform progress in 
the laboratory work with a minimum of multiplication. 

Fpr, this jHirposc the work w arranged in sections, each 
dealing \<’ith a group of cognate ideas aind includinrj several 
expcriimnis. Thus in dealing with the properties of materials 
the teacher first discusses with the ola.ss the different ways in 
which forces can be applied to structural materials. They 
consider the be.st way in which to produce and measure exten- 
sion, compression, bending, and torsion, ahid decide that the 
ilata they want are the amoVmts of deformation produced in a 
given ease by given forces under certaui, conditions, whether 
these ahi uniform over a |>articular, or any, range o( experiment, 
and so on. After that it is not a matter of very great impor^tuice 
which experiment is attempted first. The eight or ton experi- 
ments comprised in the section are then distributed round .the 
chvss. As each pair students obtain the rcquiled data from 
one apparatus^! hey change over with another pair, until the 
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whole ef tlio*oxpcriii!ent<vl results Ituvc Ikm'ii nocuiuuliikHl. The 
htu^ciits then (liscuss results, and with the help of the teaelier 
consider^he whitfe ([uestivy of. elasticity so far as it is necessary 
at’ this stage. They Ifhcn ^iroceed to apply their knowledge to 
examples, and aft*eraanls are ready to start together at the 
pext^H^tion. • 

* It •will he*obviou.s that the aisual (1i\ision into theoretical 
and practifJil lessons is disparted from A class may spend 
two or tHree nights in the lahorator\ . a theoretn al lesson coming 
before and after the e\|)(‘iimentali re-sults 1ia\e las*!! ohtaineil. 
OccasionAlly .seotjoii ma\ occup\ onl\ one evening 

Iti some yascs an ev])crnnent is earned <ait b\ th(’ teacher 
witJl'ii the sei^fioy -that is, a demonstiation in tin* l.iboratory 
which supplements or extends th(‘ stmlent s own woik. B\ 
the judicious emploMiieiit of this method the rapidity of pro- 
gi’CsK IS (piite e<|Ual to the ol<l method, and inliintcly supiTJor 
in poll*! of effect ivciics^ No student ought to be (‘Xpected to 
waste time over an expeiiment from which he laii .h'arii as 
niucli when it is performed moi(‘ anuMlch and exjaslitiouslv 
liy the teacher Morep\er, the lattm should alwa\^ b(‘ |we|)aied 
to set up .sjiecial e\p(M’iments to extend .iiul broaden the stiuh'iit’s 
know'lo<lge of iirmciples, properties, and phenomena Many a 
man to-day owes the beginning of his snentilic entlnisiasin to 
the trouble which an older geiier^it ion of teadieis look over 
cx|)oriinents which weix* out.side the lange of the s\lla]ms. 

This plan of sectionali/ang the woik laii be applasl to any 
branch of cx])eriinenUd science, but it is jaM-iiiiaily useful where 
the cost of laboratoiw e({uipment is excessive 'I'he inetluKl of. 
putting 'CAi'eri incut al work by the students lirst has the merit 
of avoiding a somewhat prevalent error which so frecpieiitly 
apiicars in syllabuses that its meaning cannot be widely ap|>n?- 
ciat^cl — that is, the suggestion that the student giK‘s into the 
laboratory' io* verify jihysieal laws. A pRvsieal law is beyond 
verification by an eiementarv student, and ^he .suggestion 
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that ho Hhould attoini)t it iK*an iiiHiijt to tho distirtgfiishwl .lAen 
who have preceded him. Through experiment tjie class 
led to HOC more or les.s vaguely Jho^ existence* of a la% ; their 
roHiiltH added to others which arejpbtained from teacher -or 
text-book help them to state it. Every successful appliciUion 
IS then further verification. • 

• • • 

This l(‘ads to another poin^. Tho name of tfic law follows 
the nuuital appreeiatiou of tho relation hetwe«fl[\ facts or 
ph(‘noniena which the law expresses. Without th#so fact* 
the name is useless*' It is jv mere label, and until the student 
has aeiiiijnsl the ideas, has reached tho generah/|iition', arfd can 
e.xpress in words wlmt he has learned, tho laberis a yuisauce— 
a piece of useless lumber of no inentJil valut* "jmtever. ,It^is 
wrong, therefore, to preface a lesson on the elasticity of gases 
by writing ‘‘ Boyle's f^aw on the blackboard , or to introduce 
<i lesson on elasticity of stnictural materials by referring to 
’ Hooke's Law.” « 

'rile fjindamental order in the early i^thges is, firstly, the ideas ; 
secondly, the generalization in woixls ; thirdly, the short title 
or labo' by which tho parcel of* know ledge will subsequently 
bo known. * 

A word IS pel haps di'siialile in reference to a curious plan 
which has achieved a somewhat wider jjopularity than it deserves 
— that IS to throw the studynt on to lus own resources in the 
laboratorv. He is .sent into the room, given some apparatus, 
told to do something, and to observe what happens. 

A very elementary aciiuaintancc with Psychology tells us 
,that observation is not an external effect, only, but a roaetion 
bet w ceil what is in the mind and what is outside of^ -X novel 
prt'sentation arouses a kind of crude recognition which is of no 
particular educational value, and intellectual recognition pre- 
supposes a cqilain amount of mental preparation. People observe 
what they have learnt^o olxserve, and observation 'is only an out- 
waixl ^nd visibjc .sign of an inwartl and invisible mental picture. 
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*Thft firlt'obsorvaftion (»i the vifrving colours npini a copper 
pl^te when it is heated was not nyido by an average man — 
not, at rate, in the senj^e thjit it constituted a distinct addition 
to* exact knowledge; •and^t is hartlly fair to expert a umng 
student to do in a fe^^ minutes what thousands of men failcHl 
to do ij^ a fhous<fnd y«‘ars. If h(*is to puiMie the path to know- 
• ledge which Iftvs been taken by, the laee, he must 1 m‘ allowed 
^a rcasonali^ tunc, and if he is to inaki^ an\ useful progress 
ho Tnust*bo heljied o\er some (d the ibnieulties which foiiiUTly 
proveil to be insuperable barrnus fiir a longer piniod than he is 
likely to hve ^'1'hc^teaclu‘r and the school an* tliei<‘to Indp him 
ovor.thc initial stcjis, aiul to ])ut him m possession of what has 
bceiiilone beb^re jus time It is lh(' teacher's special function, 
by a|)propriatc suggestion, t») direct his attention to th(‘ things 
which it is important that he should see ()bser\ation cannot, 

as Adams sa\s, be trained b\ proNiding th(‘ pupil with mateiials 
0 • 
to gap« at. In that case tin* pu})il merelv gapes 

Similarly, the notion* of setting the student to ])erfonn an 
experiment without aid or sugg<*stion, is open to criticiHin. Jf 
ho has a natural aptitude f( r experiment, trained by.vi^rious 
|)ur.suits followed bt'forc entering the school, it ma\^ be good, 
and with an ad\anced student it is admirable. Hut to attempt 
It promii’diously with bcginneis is not only to court failure, 
but to act unfairly in setting theip t<j do what the intellectual 
giants alono of a former age were able slowly and laboriously 
to aceomplish. It is the supreme test «d the teacher s judgment 
that he knows what to tell the .students, and what to leave them 
to find out. • 

t 

Appued Mechanics 

In considering what shall lie tho scope of the first-year course.* 
sorfle debatable questions arise. Tho existence for many years 
of two syllabuses — one in theoretical and the other in applied 
mechanics — has contributed to an arbitrary, and soqiewhat 
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undoflirable separation betweftn the science mechftifios gn^lts 
application. So long as some students attended cldrsses in b(\th 
subjects no great harm was done,^(^ccau8e ♦hey rofresented* 
the most serious and ambitious element, wiio also would, in most 
eases, sta\ some years in the school. But nftw that theoretiical 
mechanics has practically disappeared from the time-table it is^ 
necessary to reconsider the scoye and character iff the sjdfabus 
in applied mechanics. In this, as in other subject*, tradition 
must be swept nithlessly to one side, and regard must be hacf 
only t.o the circumstfinccs which have to be met. 

'Fhe problem, then, is to proMile a year's wor|j[ in Mechanics 
which will occup> one evening a week for about thii^y wieks. 
It must be suited to the .stmlcnt’s stage of matjuunatica^ pro- 
gress, within the range of his iiulustrial e.xperienco, and pro- 
vide a broad and solid foundation for subseijueiit studies. ^ 

First let us glance at the scientilic content ’’ of Mechanics : 


Mich \M' s 
i 


' I 

SUtlos 

Twalne** (if o<puhl»nutn 
. I 

I I 

2X(l(iniiHMicnt*)— O i;(Moiiu*!it'>)=:0 


Kinetu s (iiK'ludinff Ilydrouho' 
Throl laws of motion ^Mlh corollary to tho thin 

**. I ^ 

'orce I’hiinjjOH Force clmni^o Action = Ucaetio 
Alotioii of MomcntiMn .md Prineiiile 


Next let iis look at the' applications. They are: — 

(1) Woperties of materials which undeVlic all de.sign. 

(2) The distribution of J;rco in .stnicturcs. 

(3) Aiipliances for transmitting motion. 

(4) . , „ „ force.' _ i 

{“)) „ „ „ work. ,, 

The two schemes indicate broadly the difference in conception 
of theoretical and applied mechanics. The one emphasizes -the 
principles involved, i&ifl the other the application of these 
principles in industrial life. 
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•111 ^ccmkvnce with th^ prineijiles of toaehing which l»a\c 
been enunciated the course slumld he so (h‘signe(l tliai lli(‘ 
Htudent irrives At the mechanical truths Ihnmgh the i)iacti<‘nl 
study of materials and eoi^tnvances m whicli his interests me 
for j,he time being centred The woik will be arranged m 

sections in ordeir— , 

• • • 

((f) To bring out more elemlv the logical struclur(‘ of tlie 
'^.abject . and 

(/>) To enable the students (o be Kept together. 

E«'U‘h section will contain - • * 

• ^ 

^(1) An jiUial Misciission on the aim of the sei'tion and 
iflfthod of expciiment 

• t-) Che ^Ibrfftrmanee of expeiiinents b\ th(‘ students Ihcnv 
selves, and in some cases b\ the tcadier 

(3) A llnal discussion of the K'sults followed b\ the woiKing* 
of exercises, chosen to cmph.isi/e the tiiith ami externl 
• its applications. 

* t* • 

In the last stage tjie teaihei will lax siiess on the,dilh‘rrnce 
between a law and a dellnition whcnexei then* is hnhlo to he 
any confusion between the two. * • 

It will be assumed that the stmlents haxe jmssuf through a 
proliminarx' technical eouise or its eipiixalent, and that th(‘y 
have some notions derived from expeiicnce and teaching of 
matter and force, motion and time In addition to this, they 
ought to haxe a Ixj^wing acriuaintame with the idea o^ moments 
and the composition and rcsolutaui of foic(-s. On this under- 
.standing we prix eed to - - 

Sj^ttton I. — *V/rc.9,<r and strain. Questions aiT‘ ashed as t*o 
th^ effect of force upon eg , a rod of some material so fixed 
that it cannot be translated bodily to another place. The 
various ways in which a force can be applieil. ami the probable 
effect whichf will be obserx’?d are tl#n»i‘lieited from the <daHS. 
The importance of obtaining exact kno'ft ledge is emphasized, 
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.md the Htudoiits are asked say thfly would propose 'to 
fiv the piece of material, how they would propose to apply Jhe 
forc(‘, and approximately what ^ weights thej considbr they' 
will reipiire • * 

Tins, while it leads to very little external result, servea to 
Irain the students’ minds upon the nature and etinditions^of the^ 
e\p(Mim(‘nt All four eases of l|iending, stretching? compression, 
and torsion, should he considered, and possible cUHibinations 
should 1)(‘ noted. Some teachers would exclude torsiojf at this 
stage, )>ut it seems dt*sirable to give the students a broad view 
of th(' whole field, and torsion only becomes dini 4 ‘ult \fhen the 
mt(‘rnal stresses are considered. 

» W’ltli tM{) sets of api>aratus for some experpnepts apd tj^l’ee 
for otlu'i’s, twent\ to twenty -four students would bo accom- 

'modated at once with case. The a])paratus for springs and * 
beams is easily duplicated. The former may be 4 ins. long 
and capable of stretching 2 ins. with a load of 12 to 15 lbs., 
and sutliciently accurate results can bo^bbtained by measuring 
with an ordinary scale the distance between the first and last 
coil be of wood or metal from 3 ft. 

to .I ft. lo'ng, (‘lamped to the underside of a table top, and 
the deflection measured from the table downwards, or from the 
floor ujiwards. 

It is very desirable that at this stage the students should 
load a wire to destruction, and plot the load-deformation curve, 
in order to obtain clear notions of the elastic and non-elastic 
behaviour of materials. Soft copper and steel pianoforte wires are 
suitable for oomjiarison. Moreover, m the case of the elasticity 
experimehts the students should use the curves they have 
drawn to determine an unknown weight by suspending it from 
the spring or lath and noting the deflection. At the conclusion 
of the exj)erimental work the teacher will discuss the results, 
define Young’s Modulifii,'and show how it is obtained from 
ex|>eriments on tip* extension of a w'ire. This .should be followed 
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by be Mftrked lioiiutAnd, so far ns ihero is time, 

ill I'lOHS. 

•Section II . — Parnihl firres, momnits, and ronplcA. A pre- 
liniianry ex|)criTnebt .should be jierformed to shoM that the 
ypwart^ forces on a body lialanca the doMininrd fon'os, if, and 
•only if» a few Questions li.we slui,\\n that the .students are un- 
aware of If small spoilsman's spiiiifi balances are used 

»• 

it can 1)^ scon at once that the sum of the U)A\aid forces only 
e(|ualH the sum of the downward {jmes, w4ien all are par.illcl. 

The sfudeijis ow^n experiments are j)ci*formed moic (juickly 

if on« emio^lie rod or le\er is supported 1)\ a sjinn^^ balance, 

and 4iho othej epd has a slidini' weight The distance on 

(he ’‘balance" side then lemains (onstant The idea of a* 

‘‘moment’' is best obtained b\ using s<*\eral discs mounted • 

on the same aMs. The forces are aj)j»lie<l to tlie peri})her\ 

of these discs liy cords and sportsman balanci‘s Tli(‘ results 

are summarized m the iMncijde of moments, and this is apjilied 
• • 
to .simple practical e.xamples on beams and girders. 1’he 

steel-yard should receive \e-y brief (lealment at (Ins ^stage 

as an ajiplication. ‘ • 

Very' often bending moment and shea iing -force diagrams are 
drawn in the first \ear, but it is rather diflicuit to see what 
purpose they serve. If bending moment is to be understood the 
moment of resistance must also )>e jntroduccil. There is no very 
great difficulty abou{ this providing the idea isdevclopeii carefully. 

Once the idea of moment of R'.sft<tanee is clear an explanation 
of the cross-section d)i cast-iron and steel joists, and th(* real 
meaning of stiffness, liecomes apparent The teaeRing has then* 
served a useful purpo.HC, because it has given an intelligible 
reason for a particular construction. But this is certainly us 
far^as, in ordinary circumstances, the subjc'ct should bo carried, 
and shearing* force diagrams may in case advantageously 
be deferred until the second year. 
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Section III. — The, Iriangh of foriji^ audits applicatio\ The 
fhief error tf) bo avoided in dealing ^ith non-parallel forces 
acting on a body in equilibrium is to beg the question that ttey- 
meet in a point. If this part of th6 work has not been dealt 
with in the preliminary course, the following* is a good metjiod 
of attack *— . • * 

An irregularly -shaped pieco^of card with a number ofTioles , 
pierced near the edge rests on three bicycle balls, ot^hree good 
marbles, on a sheet of paper on a table. One, two, ^nd therf 
three forces are applied ho^zontally to the card by hooking 
spring balances or graduated nibber balances to the* hotes in 
the edge of the card, and the direction of the strings injeach 
case marked on the paper. The following observations -tire 
fnade - - 

{(() With one force the card tends to move in the direction, of 
the force. 

{h) Under two forces the card is in equilibrium wlion the 
forces are eipial and oppositeV 
(r) When two of the forces are opposite the third is zero, 
and it gradually increases as the angle between the 
” t)vo decreases, until, when the>', are parallel, it is 
ecpial to their sum. 

At this point the parallelogram ami triangle of forces can be 
explained and aj)})lied to simple ca.sea. Tt is desirable to extend 
the last t\u) sections at this stage by dealiqg with the resolute 
of a force. This enables the .second law’ of eipiilibrium to be 
stated, and the whole work of the second and thinl .sections 
,ean be summarizcil in the two laws — • 

-(Components) ^ 0, ^'(moments) =- 0. • 

Applications will be made to cranes, guy-ropes, and simple 
roofs, and additional experiments can be introduced if necessary. 

It will be* obser\’ed tiLat some* of the experiments are com- 
plicated by friction, And the existence of this should be recognized* 

' . " i3« 
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But it Ja not (lesiratle to ^troiibli^ about the exact numerical 
value of this^unlil the ti^nsniiwiion of ^\ork w being conHidereil. 
. It is eonceivable that^thero may bo conHidorablo difference 
of. opinion as to the «iop<^and order of the remainder of the 
sessipn 8 work. That whicft has been outlined u}> to the present 
occupies about ten weeks — more «jr less aceording to the capacity 
• of the^class, the “grij)’’ of the ^teacher upon his subject, and 
his power organizing laboratory mstmction. 

** ' Norrually the scheme would proceed as follows — 

• 

SfjCTiON IV. — The trnn.smmwA and conrerMon of motion. 
» Belts anil pu4h\VM, igeanng, crank and connecting rod, cams, 
simple htfhiglit.-linc linkages. The object herein two-fold- -to 
fauiihari^ th'^stndent with the deviees invoUed in machines^ 
and to sharpen and evtend his exiiciience of motion. 

Section V ~ Velocity and acaleration. This involves the 
measujement of titno, and the cxiieinnents should includi^ 
observations on the reltition of the time of swing of a pcnilnlum 
to the length. At the discretion of the teacher the oscillation 
of a weight attached to a hcjical spiiiig, or a muss on the end 
of a thin lath may - fie included. • 

It is difficult to arrange accurate experiments on time or 
velocity and recourse must bo had to the experiences of 
everyday life. A good*deaI of practice should lie given in 
plotting displacement diagrams. 

The simplest experiments in accekoation are furiTishwl by 
a body rolling down an inclined jJane 'I’he sphere rolling in a 
groove is unsatisfactory', but a heavy disc on a long axle which 
runs on inclined rails is excellent. A wire stretched acrosS 
the*laboratory with a carriage supported by a pulley gives fair 
results, and a good Fletcher s trolley is excellent for the purpose. 
Whether the question is to be treated fully at this stage must 
depend upoif the capacity o! the cla#. eWhat is required is a 
basis for the dynamical definition of force, *and this is necessary 
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if kinetic energy is to ho tinderatc^)tl. It should be gbyicus 
that force tends to change a body’s ^tato of rei^ or motion 
<iven though the full significance of the law is«not immediately* 
grasped by the student. But it is^not <ilvvays made clear to 
him that the absolute unit of force is merely 'a definition of. the 
saitie kind that determines the Jength of the metre. If ^avita- 
tion is not understood the tcacjier may deal with^t on the lines « 
laid down on page 1011. After that numerous examples should 
b(^ worked on momentum, using both absolute and grevitatioif 
milts, until the student bccon^es fairly familiar with the' relations. 

There mav be some disappointment with th^ result o^ the 
leaching at tlusstagi* because the (‘oneeptions arC not</'asy^ but 
there Mill be more if they are shirked. 'The main point to 
secure a ready working acquaintance Mith the suliji'ct rather 
than the ability to recite hair-splitting definitions. 

Suction VI — J/ur/ii/u.v. A machine may be regarded from 
thrix) points of viom' . — 

(rt) A eontrivanco for transmitting* Motion. 

{()) „ ,, „ Force. 

(<;) „ ,, „ Work 

The character in the first a.sj)ect is indicated by the 
velocity ratio , in the .second by the mechanical advantage or 
force-ratio ; and in the third by the tiTicieney. It is desirable 
to consider («) and (6) first, "and to re.serve (c) for the next 
Section. ' 

Its velocity ratio should, be found experimentally, and 
(•becked by calculation. A number of displacements of the 
points o( application of the effort and load may be plott^ one 
against the other. The slope of the line then gives the desired 
ratio. Similarly the load and effort should be plotted, and 
the equation to this curve determined. This should be com- 
pared with tbb equatiqp 4®rived oa the assumptiou that there 
is no friction. The •dffference gives the friction equation in 
terms of the IcRul. 
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TJiO' iicliml dctcfminat4oti of ttho friction constant with 
vafions surfjices would a])|)ropriaU) at this staj^(‘ 

• • 

. Section VII. — Mafhinfj^ (tontinual). It is proposed non 
to deal with the •lliciencj^of a machine. If work and power 
hrfve alit'ady bepn di.scus.sed this is ca.sy, l)iit for some reasons 
, it is*(lpsirabl0%to defer that question until the next Section. 

The rn^jiod of dealiiif' with elliciciK'v h(‘ie is a.s follows -- 
•* M’ho rw/^load for any effort has beiMi found by cxpiuiment in 
Section \’^ , and the idail kiad for unv cff«^*t can be calculalt'd 
from*lhe,e(piation of forcc-iatio on the assumption that fiiction 
* IS non-existent^ 'Hie ratio of the nal to the ultal load is tin* 
ellieiency o^So machine 

* tIu* elhculwy curve is then jilotted ami clurked by apphinji 
•some effort which has not been used befoie and reading oil the^ 
load. 'J’he advantage of this plan is that tin* student uses hi'' 
pievious experimental results to de\(‘lop new knowkslge. 

Section Vlll — Hkiril* and Pourr This suction will i(‘\iew 
the whole of the e\])eriments on nuM'hines, ami de\eloj) th(‘ piin* 

'‘iplc of work and idcms mi the rate at which work is jiorhTrmed 

• 

Note— The machines studnsl .should include a tram of gear- 
ing such as a bulkier ’s winch, rope pulley tackles, a 
screw, a worm yullc\ tackle, a simjde and coinpouml 
wheel and axle 

Much time may be saVed if a light sjuing balance 
for ineasuryig the effort is used instead of the (^ihtoniar\ 
scale pan and small weights 

• 

Apart from Eng^eors there arc? two other groups of students 
who altend classes in Mechanics — thoso engagisl in thcjhiildiiip^ 
an<f Textile Trades — and it will lx? desirahie to say something 
about their requirements. Usually the Builders will take the 
subject in their second year at the Technical (School, and their 
mathematicall equipment wilf be moresfti^st. On that account 
it it necessary to rely to a greater exteifl upon the graphical 
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inothodH of oalcniation. Thov want to ‘know toWGusg of 
work ill coiiiiection with the lifting of weights and the mechanical 
advantage of various forms of lifting; tackle. ^In addftion they 
need similar iiwtnietion to first-ycar^Enginoers on torsion, corm- 
pression, cxtoiLsion, and bending, and a ratficr fuller treatment 
of girders and roofs Torsion«is a matter of little or n^ conse^ 
(juence , but beams and roofs^should be dealt v^th as fully as * 
in a course for second-year Engineers ^ ^ 

'Fhe re(juirements of Textde students fall into two divisions. 
Firstly, th(‘y need ififormatvin on the transmission and distri- , 
bution of power in a factory , and, secondly, th(;i; necfl a*some- 
vOiat (‘xliauHti\e treatment of devices for traiismii^irtg^^ mation. 

'File examples in mechanism should be chose, n largely; from 
\lie spinning and weaving machinery It is doubtful whether 
.1 full session’s work is really iiecessjirv, and it has been proposed 
that half a se.ssion .shall be spent on meehanics and half a session 
on mechailicJil dniwmg The mechanism would certainly involve 
a good deal of plotting loci, and it sOems feasible to combine 
this with the drawing of the actual mechanisms involved. 

Elixtutctty and Elkctrk’al Enoinekring 

Hitherto there have probably been more dilliculties associated 
with the teaching of this subject and Chemistry than with any 
others falling within Technical School curricula. These have 
arisen partly from the fact that students of varying age, different 
experienees, and widely divc'.gent aims, have jiresented them- 
selves for instniction : and partly because the numbers have 
not, in mo-st'eases, pemiitted alternative schemes, differing in 
scope and character, to be formed. The influence of the course 
system is, however, making itself felt, and the students are 
becoming more uniform, at least in age and preliminary 
training. •, ^ 

The scope of the* teaching has usually been determined by 

* ' 
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the* sylJabuB.of the*Boar(^ o! Education in Magnotiem arid 
Electricity, and* by the^ayllabuses of the Qty and Guilds of 
Lonlloii Institute! in Electrical Engineering, Telegmphy, Telc- 
|)hony, etc. In most tcasejl tfio student has l)een reejuired to 
atteyd a class in •the firstf sti^ge of the Board of Education 
syllabus, prior* to or concurrentl\ with, the lowest stage of the 
*rity*{yid GuiWs subjetit. Then' is a vcr\ strong feeling, 
however, tj^^t this involves a gocnl deal of re|)ctition and much 
''waste of ji me. The chief recommendation is lliat the ('ity aiul 
Guilds’ .s>*llal)use8 cannot he co\cTed adenuately in one \ear 
by stfideyts vriio have no previous knowledge of the sul)ject 
'The ^teacl^r has to choose, therefore. b(‘tw(‘en a somewhat 
skct«hy treatment of the technological subject and an academic 
ancl prolix schimic involving the old s\llahus of Klectricitv aiuf 
Magnetism. 

*The tendenev is to adojd a scheme whicli, while it omits 
nothing that is of fundamental impoitance m explilming the 
applicatufiip of science^*<loes not sh\ at tin* discussion of 
practical instnimcnts and nu'thods that are within the^range of 
interest and comprehension of (‘lementar\ students 

For many reasons? it is desirable that a student (Jiould not 
enter upon this subjinit until the sa-ond u*ar at a Technical 
School. Chief amongst the.se is the fact that Electricity is a 
d3mamical science, and tlie later it is introduced into tlie course 
the more rapid is the progress wfii^'h can be made in it In 
no other subject is tt so necessary to ha\e an ctTi'ctivc'jirepara- 
tion in mathematics and mechanimi. 

In mapping out the course the teacher will naturally ha\e 
regardtto the desirability of grouping the cxperiiiKlits wherever* 
the Hailuro to do so would lead to the divorce of theoretical 
and practical instruction. Even when the apparatus is suflicient 
to enable all students to undertake the same exjieri mental 
exercise this ^grouping may be advisvbl^f Ix'cause it tends to 
bring into relief ’the logical slnicturc of the subjo<t. A set 
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of experiments included between two tl^eoretic^ Jessons-T-aii 
mtroductorv review and a summary and extension— always 
produces a larger and more coherent boj^y of j^nowlbclgo 
t han IS possible when the iftoiiptonvus lecture-laboratory - 
lecture - laboratory - order is followed. Moreover, it is ^thd?i 
always possible to ensure that the theoretical discussion is* so 
related to the practical work as to produ(!0 the n#iximui?i effeef.^ 
To proceed to a detailed scheme, the method and order of 
triMtrnent of Magnetism offers littk^ scope for originality. I’lie** 
lirst (‘ssential is to S 4 >eure a clear mental jiicture of thi^ magnetic 
Held, ot the effect of magnetic material in altering the distribution* 
of force in the field, and of magnetic mductien. The shnple- 
t.icts ot terri^strial magnetism are necessary m orddTi?) underiitand 
•g<ilvanometers, etc., but the treatment may 'be vcry*l)i1ef. 

« and refinements of measurement of the earth s magnetic coiv 
stants are not necessary to the student s suhscijuent progress, 
'riius tli(‘ ‘comparison of moments with a f>implc magnotomotei 
may be di'sirable , I)ut the effei't of a.ynagnet on a neodto when 
the fornler is in the A and B positions ot Gaii.ss is not required. 
It should bo clearly understood that this suggestion is not 
base(\ up^ui a penchant for premature specilization and short 
cuts 'Phe Scienci* of Electncitv and Magnetism is no more 
Klectncal Engineering than is the Seienee of Mathematics. The 
complex applied .subject is not a simple addition of separate 
sciences, but a fusion of ceitain elements in each. 

A irto.st profitable exercise at this stage is the drawing of 
fields of force to reprc.sont .yarious arraiigcmonts of magnetic 
bodies. At first these should bo done experimentally ; later 
‘they slmuld bo drawn first and checked by subsequent experi- 
ments. In this way the student obUiiiw a clear idea of the 
properties of the space surrounding a magnet, and this con- 
ception is essential to intelligent progress. 

The next* stage is,uiHially the production and properties of 
an electric current,* This is not diHicult if the .students have 
M4 
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(lonfe some Chemistry ^ but ii they have not, the teaching neces- 
sary^ becomes didactic^ and disappointing. It is perhaps 
desirable to run lightly ov^r the chief effects of a current at this 
|wint, and then to select tho^^agnetic effect h)r particular study. 

The effect of a* current on a magnetic needle leads to a 
considegition of galvanometers. .The prelnninar\ experiments 
•will shew the Afect of — . 


(а) Increasing the thickness of the wire ; 

(б) lRgrea.sing the number of turns , 

(cl Distance of wire from needle ; * 

(a) AdvanJIj^go yf a circular coil for measurement. 


A gM)d dcalof tinio is frequently taken uj) in the classroom 
by long descrqitions of the different t\j)cs of instniments. It* 
is far better for the students to e.xamine the different forms 
in Ihe laboratory, to sketch them, <iud to accom])any their 
sketches with simple de.scriptioiis. * 

A very simple form gaUanometer ma\ be umi to* give 
some idea of resistance and fall of potential, and these jiheiiomena 
lead to definitions of E.M.P., C., and H In order to fix Ohm's 
Law some measurements of the three (piantities wiU.be made 
in the laboratory, but the exercises should be grouped, and 
over-elaboration should be avoided. Wide knowledge and a 
high degree of skill in these determinations must bo obtained 
under more favourable conditions in, the testing-room. In the 
school at this stage they arc incidental to the clw^r aj)[)re1ienHion 
of Ohm’s Law. Almost, if not qule, of cipial importance is 
the w'orking of a nugiber of numerical exercises on the same 
topic, but illustrating a wider range of conditions. ' 

T&e three topics which now call for treatment in some detail 
are : — 


* Electromagnetics, 

The heating effect of a current,*^ / 
The chemicateffwt of a current, 



TK(;HNI('AL SCHOOL OItGANIZAtlON AND- TEACHING • 

and there in«ay be some difference of opinion as "td the ortier. 
Up to this point the scheme has n(jt differed nauch from, an 
ordinary course in Klectricity and ^Jagnetianf. The properties 
of an olociroinagnet and of a solenoid, and the heating effect of 
ii. ciirront provide ofiportunities for explaining the construction 
of cornniercial measuring instruments, of glow-lamps, ^and of , 
on(‘ or two simple forms of arp lamps. These should be studied* 
at lirst hand in the laboratory, and sketches and descrip- 
lions entered into the note-book. A parallel treatntent maV * 
be accorded to thd ehemicyil effect. Primary and**Secondar\', 
batteries may bo examined in the laboratory, atid *a fev 
('xam))les of electro-deposition may bo introduegj^ • 

In some eases it may be desirable to dofep tljo coi)8id§rtition 
of tlu‘ chemieal effect until later, so as to follow, with as little 
interval as possible, the magnetic effect of a current, inductioil, 
and its application to dynamos and motors The character of 
this jiortion of the work will necessarily vary with the equipment. 

In man^’ schools the number of studedts will hardly justify an 
expensive eijuipment which will enable all the students to be 
kept together. If the teacher has to choose between a demon- 
stration and a variety of experiments whicffi involve the divorce 
ot theoretical and practical instniction, there is no question as to 
which is the soundest method. But this statement must not 
be taken as indicating a preference for a limited eiiuipment. It 
is mcrelv a piece of iwlviec upon a choice between two evils, which 
is not to be commended in any but temporary arrangements, 
b^lcctrical Engineering dematids adequate provision of apparatus, 
and it cannot be taught satisfactorily whore this is insufficient. 
We arb dea'ling hero with an eminently experimental subject, 
which must be taught by laboratory methods. Success depends 
upon— («) An mlequate preliminar}' training ; (6) A proper 
relation between theoretical and practical instruction. • 

There is one othftr plbint whic\i has so far esci^ped discussion 
—that is the, inclusion of electrostatics. Formerly the topics 
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inchi^o4 utidor thit# head . receivoil an aiinuint of attention 
quit© out of j)roportion tto their ini port ancc^ not to Eleetrical 
Science, hut to Electrical Engineering. Even now it in imposRiblo 
to ignore them entirely^ J3dt in the lirst year only just so much 
shoivid he includedVs uill ex})lain the action of the Electrostatic 
Voltmeter Ami the Condenser. .The former will be described 
»by analogy* wit li the gold Icaf^ elect roscope ; the latter by 
analogy \iVh the L(\vden jar. But even thcK' may \\(‘1I be 
'left to tiio second year, 

• ^ 

(^HEMI.STIiY A^D SCIENCE FOR PARTICULAR TRADES 
• (liumsiry 

• In view of the voluminous writings mi the teaching of * 
(,'homistry which have appeared during th(‘ last twenty years, 
an abject apology would seem to bo necessary for this chapter. 
The aim* of most of tftt^se who have hastened into jirint on 
this tojiic, however, fias been the t(*aching of Chemistry to 
.schoolboys. Upon this and,, indeed, also u|)(>n the 4‘ivhing 
of Chemistry as a hcience, we have nothing to sav^ With a 
class of schoolboys having a reasonable amount of time, and 
no immediate professional or industrial needs, much can be 
done. But in the Evening Technical School the teacher 
frequently has to deal with a class wn which the age, jirovious 
etlucation, and indilstrial rcciuirements \ary enormously. 

The usual practice is to provide i^scientitic course of Chemistrj’^ 
which, if pursued fof a sufficiently long time, will surely throw 
light i^ion those industrial proce.s8e8 in which tlfo student is 
interested. The effect of this is well shown in the difference 
between the first and third-year class. The former may contain 
tcaehers, students working for a University degree, dental 
students, pharmaceutical chemists, sMideHts engaged in works 
laboratories, students engaged in the proaess of dyeing, or 
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l)leaL■hin)^^ or or sotp-inakijig, or*ftlkali and Bulpjinrii; 

acid manufacture, or metallurgy. Tl^e latter contain a few 
HtudeutH working for degreoH, and ^ few engaged in worka 
lahoratoricH. Nearly all the Htudcnfs of 4ower calibre haye left 
the clasH. “ , 

The essentially [)hysical baeis of Chemistrj* requires^that’ a 
good deal of the Hrst-yoar work^shoiild consist of rfiysics. • there 
is a natural tendency to slur over this, and the stttdy of the 
higher stages suffers in consequence. Again, the ^xtensivft 
range of Stage II. a?» compaped with Stage I. has generally led 
to the latter being divided into two sections, covjsring two^ears. 
It is, however, rather difficult to make a happy'di^gjpn of this 
syllabus, and it is better to re-arrange the scheme entirely.^ 'The 
introduction of ThysM's, with special reference to C’hemistry, on 
* one night a week in the first year enables more ground than is 
represented by the old iStage 1. being covered in the first year, 
and lays a good foundation for Stages 11. and III. in subiequent 
years. « 

A natural result of the controversy on the teaching of 
(’hemistry has been to stciXM)ty.j)e method. While in some 
respects this is all to the good, it is moAt desirable that the 
teacher should seek to ascertain upon what kind of work his 
students are engaged in the day-time, and with what substances 
they come into contact. This knowledge will frequently enable 
him to ^elect a substance «r a process the nature of which will 
at once chain the attention of the class. ' The establishment 
of a principle will then bo'much easier than if it had been 
attompte<l through an unfamiliar substaiiQp or process. 

Not* only* should the students’ everyday experience form the 
starting-point whenever that is possible, but it should influence 
largely the kind of practical work undertaken in the laboratory, 
and the natqre of the processes discussed in class. This utiliza* 
tion of the range df Mdustrial knowledge aild interest is 
analogous to t|ie method of utilizing the common knowledge 
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ond interest* of scheolboye, and is equally valid, it marks 
th^ only reaj difference •^twoen the teaching of Chemiblrv in 
the Secondary afld Techqical School. 

^ - It .will be well to look ‘for a moment at what this j)riiu ij)lo 
invcJves. The stuclent engaged in Alkali and Sul}>huric Acid 
^’orks jyill re(^uire emphasis to be laid on sodium comj)ounds, 
•and on acidimetry and alkaliinqtrv. The student engaged in 
a mGtallui>g,ical w'orks requires a rather fuller treatment than 
ilsual of oxidation and reduction of sulphur compounds, and the 
effect of fieating them in a curre^it of all-, and lienee of the 
recovery •of n^tak from their ores The \erv eonsiderabli 
variety (j^in^ferests that are representwl in some elassei- 
wiU'ijmder sp^ializcd teaching of this ehaiaeter impraetieabk'. 
but there are numerous east's in which the students can he 
(livided into two or three groups, and then an oceasional 
theoi’etical discussion following special woik m the laboratory 
will 1)(^ both possible and henefieial 

In many places arrali^enients are made for the stivlents to 
visit gas and chemical works during tlu* session It is \(‘rv 
desirable that such \isits shoukl be iirecedeil b\ an accpiyit of 
the materials and processes involved Onlv in this n\ ay, as a 
rule, can the students benefit from an insjiection of ajijiaratus 
which is .^0 different from that which they use in the laboratory, 
or from that with which they arc familiar in their own industry. 
As in all other cases, they ha\c to be taught what to “ obserNo ” ; 
and without preliminary knowknlge it mpiires a fine effort 
of the imagination to realize whal goes on inside a sulphuric 
acid climber ! This example may be heartily commended t«» 
the “observational” and “ throw -a -student -ujibu' his -own - 
resources ” schools of educational reformers. 

Perhaps a few suggestions might be offered upon the Physics 
to accompany the instruction in Chcmistiy*. This will ordinarily 
include determinations of specific gravfty,.thermometry, melting 
and boiUng points, vajjour pressure, the tfierinpl properties of 
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gaseH and apccific and latoit heats, followed by •about tpil or 

twelve lessons in Magnetism and Electwcity. The.first eighteen 

0 • • 

or twenty lessons would bo dcvolve^l to ph^fsical experiments 
on the substances examined in th5* Chemistry class. The kst 
portion would seek to lay a foundation for the electrolytic 
tlieory of solutum. It is hardly possible to incKidc such jnatters 
as i>yroineters and the kinetjc theory of gases at thia stage,* 
and where some special knowledge of this kind is*rcquircd it 
is Ix'tter to arrange a short course in the summer numths. * * 
Ik'fore leaving this subjqf;! it will be desirable to*olfer some 
remarks upon the scope of the laboratory worfc. • * 

In the first year there is u.sually a fairly Hogj^onngetion 
between (he theoretical and practical work., Beypiu^'this, 
however, the latter tends to degenerate into more test-tubing, 
and to have little or no relation to the work done in the lecture’- 
room. Ihere is now a wide scope for the development of a 
much closer eoimection between the student’s own workilind the 
teacher'ji extension of it in the secoAb year of the course. A 
sudden plunge into systematic analytical processes is undesirable, 
beeaiiH4J as a general rule his mind-eontent is neither large 
enough nor sulliciently systematized to enartile him to appreciate 
the methods. Ho learns by rote, and performs experiments 
mechanically. 

'fhe most satisfactory jilan is for a series of preparations 
and reactions to bo studied in the laboratory, and for the 
theoretical tcivching to be based upon these. Preparations and 
puritications involve analylfical processes, and in performing 
them the student griulually acquires that mental background 
without which systematic analysis is unintelligible. 

Science for Particular Trades 

m 

• f 

There are a number bf trades for which some'" knowledge of 
Chemistry and Physics is recpiired, and in which it is extremely 
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difficult ta i^ersuade^ the students to attend the oi'dinary Kcienco 
classes. Thus,* in addition to builders there are metal -j >1, it <* 
.uoVkers^ani m§ii attending an engineering Morksho]) (‘oiir.se 
wjio ought to have^son^% instruction in tlio cheniistrv iind 
^)hy8ie8 of materials. In many ca.se8 the .standard of admi.s.sioii 
to the.se clastlbs Is low, and the .student.^ ha\o very little mat he- 

• A * 

matical abilfty, or of that command of language which i.s 
eiwential for Hcientitic studies ‘It will tluwforo Iw desirable l(> 
.make some suggestions as to the method of tnaitmeid. 

The fcheme for builders is fully set oj^t in one of the books 
of tke scenes to which this voluiRe is an introduction, so that, 
one or two luites'only arc necessary here. Th(» lir.st point is 
to see tHa! flie science work keeps in the closest touch with 
the Vadc class. I’he order of trealnumt is determined laig(J\ 

. by the order of the teaching in Building ('onstruclion Kach 
sbetion should bo intioduc(‘d if po.ssibIe b\ a problem in Building 
{(J. the example In Chapter V), and the scientilie juineipl(‘ 
acquired must again applied to the (‘huidation of.fuitlui 
practical problems. ‘As this part of the mstiuclion wifl g(‘n(‘rall\ 
be *in the hands of a ScK'iice teacher, he should (‘nd(‘a\ on i to 
acquire some knowledge of* the trade mateiials and f)if>c(‘.sses 
but more particularly he .should make an effort to (*Ktabh^h 
friendly relations with the teacher of the tiade subject. 

In the early part of*the course ju.st .so much geology .should 
be introduced as will explain the^uigin and .stnictuie of tlu* raw 
materials, and it is of fundamental imjiortance that 4hese shall 
be examined and compared in thcjaboiatoiy. The teaehei must 
avoid at all costs the cnc^clopa'dic t\jH‘ of teaching into wludi 
it is So easy to fall. What the books say and the Jeai her iej>e.^,l.> 
is* of small consequence compared with what the student', 
actually find out from their own obsoivatioiis. The nalure of 
t|^e material used in the school itself should be noted, and the 
attention o&the class should J:>e direc^l t^ the maK*rials emplov ( d 
in their own homes and in various piiblu; buildings in the town. 
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Thin itj the bcHt wav of ac([ijring-informatjon abuyUap^earance 
in bulk, and durabihtv > ' * 

• • 

Th(^ Hiduiol again in an effective 8i^b^ting-p^>int foi^a di&usr 
Hion of boating, ventilation, and ligjiting. The teacher’s o.wn 
judgment hoio will prevent him fif)m falling into the error of 
hiijM'rior orilieism A great many school byi Wings have’ a 
ideasing exterior, whdo tho interior contains Aany {[itfstra* 
lions of technical ineptitude , but an elementarj" class is 
not a body to whom complaints can usefully be m^de. • 

Instruction for nydal workers should comprise a qualitative 
experimental treatment of tho properties of the matejial# they 
use. Thus they should leani that some bodies arc quite elastic 
within limits, and others jilastic even to small fCrces. A clear 
picture ought to be developed as to what occurs Vhcn*a t)ar*of 
, metal is stretched, conipre.ssed, bent, or twisted to a small* 
extent. ’Phe tendency of metals to “ tlow *’ should be illustrated 
by the pr(K‘ess(‘s of “ spinning ” and beating out sheets, and by 
wire drawing. A verN elementary coussf' in heat would involve 
tho explanation of melting and boiling,' approached through 
tho effect of heat upon alloys The nwessity for some flux to 
protect *the hot surface from tho air woiiFd lead to notions of 
oxidation and reduction, and to a faiily clear picture of com- 
bustion. It may be ob.seived that this order is the reverse of 
that usually followed in Klementary (’hemistry. The secret of 
success here is not to teach the nature of tho processes through 
chemistry, but to attempt to teach chemistry through the 
trade processes. Tho teachoj should realize that substances 
through which chemistry is usually taught are an accidental 
selection^ If ,the only people who required chemistry originally 
had been metal workers tho books would have been quite different. 
Most elementary books on chemistrj^ are designed to appeal 
to the minds of schoolboys. In this case tho teacher has ,to 
appeal to tho 'minds o| m^tal workers, and he must alter the 
method accordingly. • 
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THE TEACHING OF CONSTIU'CTION 

It ^\ill now l)o desiral)lo to discuis the inorc htrictly Technical ^ 
^ubjects^MaoJttine, ('onatmction. Jhulding (Construction, etc. 
As rtio imply, these involve the study of construction, 

tlyjugh ihev^iiave been, and still are, inter])reted as oxcusi^ 
for mere ])encil play In industrial life drawings aie used to 
C(pivey ideas from the architect or designer to the workman, and* 
the proper place to,ac(|uire this ivbilitv is in the drawing-ofliei*, 
whcre*the long hours i>eimit of that skill which is necessary 
being obtained. Tin; *function (tf drawing in the school is 
rather different. There it enables the student to acipiire exact 
notions of proporticyi and general ariangement liicidoiitally 
he learns how' to inake and read drawings, and thfts becomes 
familiar with the language of const met ion, as well as with 
uoiistruction itself. 

A close examination of many ^xanijiles will show that thrci* 
considerations are involved ■ — • 

(1) Materials and processes. 

(2) Strength. * 

, (3) Ck)mm(Ai sense. 

tn the earlier stages the more imjiortant are (1) and (3). 
^t'a later stage the student’s sho}) experience enables him to 
ieai with these factors subconsciously, and he concentrates 
lis attentiorf on strength. *In the ^r^ year, thorefoi'e, the 
ilass should confine their attention to the Simpler constructions. 
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They Qiay calculate weight,^ volume, and quantity of material 
required, but they should not go deeply jnto queAions of strength 
until tliey have obtained in the laboratory 4hat quantitative 
knowledge of the properties or materials which is necessary 
for doHign. If this rule is broken the tendency is to produce 
students who can design thipgs that may npt* work, of Are 
ine.ipabic of being made, or whose c(nistniction*would plVolvo, 



* I’lG I. 


loo great a cost A sort of p^ractical instinct has to bo developed 
through which scientific calculation can safely operate. 

‘ It will be desirable to deal first with Machine Con8l!j[^ion» 
and it will be assumed that in the Preliminary Technical Cciurse 
the students have learnt to draw the common regular figures, 
and to project a simple solid, such as a brick. The initial ^tep 
should be tO" secure a pi;p{)er method of setting out the work. 
Por this purpose a model of a simple crank (Fig. 1) or similar 
*34 
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detail jnay be chosen, of which Ijircc views are reqiiiriul. The 
students sh^ulcl measure up this and make sketches of it in a 
.squaredipaper mite-bool?^ If there arc not siiliieient cranks to 
go round, other simple objects may he used. 

* .The students ftiav he al^ked : “ What scale is to ))e used ! " 
They are then iold to draw the yhjecl in the following stages : — 

(1) The horizontal centiv ihics 

(2) "flic vertical centre lines 

(3) *Distan(3es of outline each side oi \crtical centre lines. 

(4) 'the vertical lines of the o^^ject wiPli .set scjuarcs, and the 

* • circles. 

^(5) J^stanccs of outline each side of horizontal centre lines. 

. (0) The horizontal lines of the object with T square. 

• • •• 

xU this point the following questions may be asked — , 

(a) What should be the radius of M { What tool is used 
• to make this { If the radius is too small* what is the 

* effect ^ ^ * 

(b) What should be the outline of ends N ^ How would 

these be machined ( 

(c) What is thi smalle(?t number of views from Mfich all 

the dimensions could be obtained ? 

In common with other .subjects which have been discussed, 
the work for the session should be arranged in sections, each 
dealing with a closely associated ^grouj) of construct ions This 
can be interpreted in two ways. According to the* first jilan 
the constructions to be groupeck can be similar in the sense 
that they are intended to perform the same functions in different 
maclunes. According to the second plan the* coiwtructiofls 
can be grouped so that when taken together they form a moie 
or less complete machine. The first is that of the standard 
iMok on Machine Design, and, indeed, it is doubtful whether 
a book, to *be of wide value, couUk ljq*arrangccl in any other 
way. Thus there is a section on bolts 'and nuts, another on 
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rivets and riveted joints, a tl^rd on keys an^ key-ways, iwfojitth 
on cranks and crank-shafts, a fifth on wheels *an(l pulleys, a 
sixth on connecting rods, a seventh on pistofts, an eighth on* 
bearings, a ninth on valves, ancf 8f*on.» But if the students 
follow this arrangement closely theV learn to draw dctacJieJ 
details, and do not realize the reason why the various differences^ 
of form and construction have been adopted. Moreowf, it * 
tends to become dull. What can be less inspiring than to 
spend a week or two drawing rivets, and another week or two* 
on keys and key-way i ? 

According to the other plan a series of simjjjle nia^hiites is 
chosen which arc of interest to the class in vieS^' o^the local 

, industry. If the latter is varieil the class can be taught in 

* *• 

sections, 'rhe fact that the ty|)c of machine made locally is 
complicated does not necessitate the complicated form being * 
undertaken in the first jear. The main j)oint is that the student 
shall undei'Htand clearly the purpose which the machine .has to 
achieve, ipid that he shall be able to concentrate his attention 
t)n the means taken to attivin the end. 

t 

In ortlcr to illustrate this method an examj)lc which might 
follow the crank shaft will be given in del-ail. A B in Fig. 2 
represents a heavy piece of timber, and C the end of a shaft 
for which a bearing has to be provided. Set the class to sketch 
the outline of such a bearing. This is criticized, and a model 
similar to that shown in the, figure is exhibited. The following 
questions are then asked : — * 

Of what material would this be made ? Why 'i 

Why does tho sectional area of the webs increase as the base 
is approached ? 

Why are the corners rounded out ? 

After discussion tho class is set to draw the bolts and nuts 
separately, and then to draw a section on X Y. * 

Incidentally the 'students may learn something about 
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moulding aud casting, tho jifoportions of tolts and* nuts, .a'nd 
a cotter. As an exorcise an actual example or m^del may bo 
given to ho skotclusl and drawn, and thcpi treateif in a similar way.* 
The e\ani}»l<* may h(‘ extended bf \lrawing a straight or bent 
l(‘V('r, which is keyed on tfie end oft-Jip shaft (Fig.H) 

I Questions are asked as follows : - ^ ^ ^ 

(ff) Of what inn/erial is the lover made ? \Vhy ’ 
(/j) If of wrought iron ^vhat would b^, roughly, 
the shape of the section ? « * 

(r) If*»of east, iron what would be, roifghly, the 
sha]H‘ of tho section ? ^ • * 

(f/) Where would t he key-w'ay be #ut in tho boss, * 
and why ? (*SVe Ii’ig 4.) * , 

'• • • • 

This exenuse may be folioued by sketches of 
simil.ir eontrivances from the mod(‘l or actual object,* 
and by (‘aleulations as to weight and cost. It will be 

observed that the 
w’orkshop aspect 
is predominant, 
and that bolts, 
nuts, cotters, and 
keys are dealt 
with incidentally. 

Subsequently 
other simple 
machines such 
as a drilling 
machine, lathe, 
tine of shafting, small steam engine, gas engine, or pump may 
be attempt'd, ehoo.sing that which is closest to the everyday 
w’ork of the class. Models should Ije used as freely as possible, 
in order to — « 

(1) Correct defects of’ observation. 

(2) Facilita^ tho association in the mind of the solid 

object with its flat representation. 
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Both t^ia and the jdtemativc plai^cHahlo Iho oln.ss to ho kept 
together. Bv ihcluling within the section a number of examples 
ani discussing them at the beginning, the exact order in which 
these are studied by individuhl students is unimportant. Tlu* 
fies^ draughtsman* should rffcart \^ith the more difiie\ilt details, 

andiill in time with additional skptehing, drawing, or calculation. 

* • * I 

The next section is entered upon A\ith all the students togetlier. 

It is It common })lan to set all .sorts of tricks in drawing 
views oljier than those given. Some of these* are of ])ractical 
value, and some are not. The latter foii’i a cumbrous method 
of prtwitiiing a^ student in reading a drawing— a faculty which 
^can J>e more easily (Icvelopod by associating object and drawing. 
and*tc8ted by* giving the student a complicated drawing with 
instructions tft get out some detail for the forge or machine shojb 

• In order to bring out the spe^'ial features of the examples,* 
th*e details may be compared with similar ones which an* 
designed to meet a flitferent set of conditions 'riius iln ()rdinar\ 
bearing for a horizontal* engine may be compared wit^i il loco- 
motive axle box, a hnarinc thrust block, and an fldjustabh* 
bearing for a lino of shafting. Jbiller and ball bearings, and 
bearings with ring«oilers, should, however, be lef|. until tin* 
second year. As a general nile, these examjiles introduced 
for comparison need not be drawn, but they must be sketched 
in the note-book. In tliis way some of the advantages of both 
methods of arranging the work isbljtamed. Details performing 
similar functions afe grouped, and the g(‘neral idea of Ihe whole 
machine holds the knowledge tog^clher. 

It should be observed that the second plan is the one more 
usually follow'ed, mainly because the first is liable to involvb 
drawings which are beyond the students’ powers of draughts- 
manship. Unless the possibility of the second method is kept 
in. view, however, the examples selected may do nothing to 
develop a sense of fitness ahd propprtipn. If bearings are to 
be considered only in relation to 10 h.p.* engines of a certain 
type, a connecting rod for a 1500 h.p. engine is •out Af place 
* 59 . 
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ils a dejiailcd drawing in the |ame cour^. The set of drawings 
by one student whicii included a 1> slide valle, a*hd^a gas engine 
piston as the sole examples of these c(fn8tructiDns» wa%a stand% 
ing record of lack of system in the teaching. 

Up to this point the value of workshop processes has ^jeen 
based upon the desirability of showing the student how, the 
fonn and arrangement is dependent upon thena. TheBe*are, • 
however, other reasons. One is the encouragements which is 
given to the student to look about him in the shops. Jeaching *• 
which only stiinulatci once a week is not worth a great deal, 
and no op])ortunity should be lost of putting the student into 
intellectual touch with his environment. It cs unfortijnato * 
that the extreme sub-division of modem engineering industry 
permits few students to know exactly what goes on outside 
•their own shop. More particularly is this the case with moulding.* 
It has, therefore, been found very beneficial to include in tfiis 
part of th<} course some instruction in moulding. Two nyjthods 
have Been adopted. One is to give demonstrations two or three 
times during the session just when the process has an important 
influence upon the design of the example studied. The casting 
is made in ,lead, and the plumbers’ shop is utilized. The other 
plan is to include it as an exercise in the laboratory course, a 
few students being detached from the main body each week for 
the work. This may interfere with the laboratory course. The 
connection between the m^nine shop and the fitting shop— 
which supplies 90 per cent, of the students — is much closer, 
and few' young fitters are ignorant of machine tools. If there 
is an Engineering Workshop in the school, however, some demon- 
.'diration piay«be given with advantage on marking out, and on 
special machines and processes. It should be understood that 
machine construction is essentially a workshop subject, and it 
should reflect modem practice at every stage. This is the place 
to introduce limit gauges and other labour-saving devices 
which are often described in books on Applied Mechanics. 
lOo 
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•It will l)e.obvioUB that iu a uoheiue of this kind considerable 
judgment has ^ fe exercised in selecting examples. Thus 
scfeV-thi;pads sh^ld generally be n^presented in a conventional 
manner, and the accucate^/lfawing of a thread relegated to the 
shcond year. Again, toothed-gearing is better deferred. The 
only.cases in \fhich this advice would be wrong are those in which 
• the fitydents ire actually engaged in making .screw -jacks, vices, 
or toothe^ wheels. Even then, in view' of the diHiculty (d the 
••drawing^ they should not be introduced too early. 

This (|uestion of drawing letwls to another point, whicli it 
will be ^ell to emphasize. If thb order of the onlinary toxt- 
*book is followed, \ho student is introduced rather early to 
examples whitfh involve some skill in draughtsmanship — and 
require iJeite Astruments than he usually possesses Hexagonel 

•nuts and bolts are not easy to draw well, and riveted joints 
afford scope for distinctly tine work. In the early stages it is 
most ^esirable thaf bold, simple examples drawn to a largo 
scale sh^ld predominijU^- • 

The emphasis laid^on the constructional side is liaJilo to lie 
inte^reted as an excuse for inferior drawing Tliis is a mistake. 
The practice in the oast — owmg to the influence of the eJcjfmina- 
tion and the traditions set up by the association of the subject 
with schools of art — has been to expect rather more complicated 
drawings than need be atderapted. la the first year the students 
should confine themselves to simidc tyjies , but two points are 
essential — a sound knowleilgc of projection and neatgess. In- 
correct projections and slovenliness are not to lie tolerated for 
a moment. 

Tlfere can be no question that the foundation o{ these virtucjf 
is Rlid in the first six weeks of the session. If mistakes go 
unooirected, and if untidiness and iucorajdete drawings are 
pg^itted during this period, the most unpardonable defects 
will persiat to the end. F»r this reasyn all drawings which 
constitute the minimum for all students nuist be done at school, 
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<ind kept there. Work whic|^ is done at k)me is*iilibla ‘all 
sorts of errors, which nin a risk of being unnoftced'orjincorrected. 

A vigilant supervision must be exercised fiver th# instru- 
ments. The pencils must be H or Hit (preferably the former for 
beginners), and they must have a cliiscl edgb. The argument 
that some draughtsmen prefer round point ha»no signigcance^ 
here. What a skilled man can do with a round pointed HHHH 
pencil is no guide to what a beginner can do with a rou»'i pointed 
11, and a very hard pencil is for other reasons uncVesirablc.* 
K^'cry student ought /o havc^a small tile or strip of sandpaper, 

' and he ought to lie encouraged to polish his ^oii\t on a* pidfce of 
hard [laper before using. The licst six weeks Arc a conj^ant 
, stnigglo against etirclessness, and the teacher wh^ is not smne- 
tfting of a martinet at this stage will never achieve satisfactory 
ffesults. 

livery student should prepare ten or twelve good sheets of 
tlrawings (hiring the session. » 

A finiijl point arises in connection fvtth the relation of the 
work to S\)lid CJeometiy. The latter subject it has been stated 
is generally omitted. But while' there is no doubt that a great 
deal of engyieering drawing can be accomplfchcd without much 
geometry, the student loses by its omission. In a few schools 
the first live or six weeks are spent at simple construction and 
projection. This, however, leads to sins both of omission and 
commission. A better plan, is to introduce the geometry as it 
is recpiirett. Some very good opportunities 'occur in drawing 
the curves formed at the eiyls of a connecting rod, and the 
quicker students might certainly plot these with advantage. 
Ifi the svooiuV year more opportunities occur, and, in general 
the greater skill on the part of the student will enable him to 
attempt these with more success. 

It seems hardly necessary to say that the school should 
not only have*^ the re<]i}isite models and examples, but that it 
should be well providifd with makers’ price lists and catalogues. 
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* The He^ohd-yeajcourae Khould^^ontain a considorablc'aniouiit 
of design, and here it is ^rhaps more desirable that the students 
•should ifhdertakc a complete machine. All the draw ings cannot, 
of conrse, be completed dtlT%g the session, but the principal ones 
caw be finished, ^ind the rest will aj)|iear as sketches in the note- 
, booJi.» At tl|e*outaido not more than Imlf the time should bo 
spent'on drawing, the rest beir\g taken ii]) with sketching and 
ca!culati6A. 

• Som« difficulty may arise in classes attended by students 
engaged ^m widely varying worl^ If tl^' \ariety of students 

, in tfic class noj too great, they can often )k' worked in 
sections. Tw’b or three sets of students can generally be 
nyvn^g^,Jl in ijckws of this kind without ineon\enien<r, provided • 
alw'ays that there is no external e\<uniner with arin-chair 

* Njews as to what each student shoukl know at llu* end of eael! 
session. Shoidd tlys incdueval form of tyranny exist, the seliool 
IS comlemned to a inedioerit\ for which the teacher is not 
rospomsible, A lainc^ flilin cannot avoid a limp, uiuUthe only 
thiijg the writer can offer is sympatln 

There are obviejus rc'asrpis wh> students should i)i)t„ even 
yet, go far away from their (‘ver\da\ experience# 'J'luy will 
still l>e engaged in jierfeeting their obseivation an<l tleepening 
that iii.stinct which will eiuble them to formulate and use 
general ndes in design, and for the present they must continue 
to examine more closely, and in gn*ater detail, the machines 
through which tfiey are obtaining their practical experience. 

A very large percentage of tjje teachers (*f liuildimj Co7i- 
struci^ are Manual Instnictors Most of these will have had 
some industrial experience, and all are jinudiscd fcacliers. Tlie 
detoils of presentation, therefore, call for less attention, and it 
will be desirable to confine observatioiiH to the scope and general 

altitude towards the subject. 

• • * 

Formerly the teaching of Buil(iing*^’unstruction consisted 
almost entirely of drawing from lithogra*phed^ copies and from 
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diagrams in tho text-book. Sj^imens were ^oasionally ilioyrn, 
and models wore used to explain constructions wliiqji could not 
easily be made clear on the blackboar^jt. No dhlculations were • 
attempted, either of quantities W prices. Note-books .were 

rarely kept, and still more rarely werU they wdll-arranged, noat* 

* • 

and useful for reference. • • - • • 

The plan now being developed in many schools is miuch 
more practical. The essence of the teaching is coastruotion. 
Models are not used to the same extent as in Machine Gpnstruc- < 
tion, but a good deal ef work js done from actual meaiAirement. 
Calculations, both of quantity and price, are included,* and 
tho student learns not only construction, but also the coej of 
• construction. The most important examples are drawn to 

# i * • ^ 

scale, and sketches of similar details or variations are made in 
d note-book. 

Reference to Chapter VI. will show that tho subject discussed 
here is one* constituent of the course. On a second owning 
tho student is engaged in the Geometry f)f Building — the office 
aspect, ancl on a third evening he is engaged in the laboratory 
in examining materials and becomii^ familiar with the scientific 
principles which underlie .sound practice. flChis subject deals 
with practical work of the workshop, the yard, or on the building 
undergoing erection. It deals not so much with the minutise as 
with general arrangement, and the relation of the various trades. 

Tho first section will deal^aturally with sites. The character 
of the varfous soils and subsoils will be discus^l briefly, and the 
special methods applicable to epch will be outlined . Tho next few 
sections will deal with construction in brick)^ork, starting with 
foundatiems, ftnd working upwards. Too much stress sLould 
not be laid upon varieties of bond at first. A simple bdnd 
having been selected, tho wall of a dwelling is drawn up to the 
top of the door, showing the damp course and bearers in their 
proper position. After* jbha/^ an appropriale form of brick arch 
may conveniently be' discussed and drawn. Then corbelling, 
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8tripg/)Our%B8, and other details which are appropriate to tlie 
upper part^ofa civelling may be discussed, until the roof in 
r^hedt From* time tb time exercises will bo set involving 
quantity of material«and fioSt. The class should be asked to 
^rpish data for the lattcv, and care should be taken to avoid 
treating this* matter in too authoritative a fashion. Many of 
the* Qixamples should require merely an approximate answer, 
and attqpjpts to secure a degree of accurai'v neither warranted 
by the^data nor necessitated by the nature of the prolilem 
should be checked. , 

It vtfll be an mlvantage to (tefer the g(‘neral discussion of* 
bond and arckes until after the ^^hole vail has been conijilcted. 
This tends to* focus attention on CHHentials, and the subseqm^nt^ 
treatment ot’variations revives and sharpens the original pictiMre. 

The next topic will be Masonry (^mstniction, and thyH 
again revises the origiival section on Brickwork. Thrts 
Masoj^iy foundations and arches may be eontnisted with those 
constructed in the nif^^rial first considered. • 

Probably the ne?ct section wAl deal with lloors'^-including 
various forms of fire-proof as well as wood flooi's There will be 
no special treatmant of joints in carjientry, thew' being con- 
sidered in connection with appnipriate constniction. Similarly 
roofs, doors, windows, and other details will be dealt with by 
means of typical and Ippropriate examples, and subsequently 
amplified by sketches of variirtions in constniction In all 
cases the detailed»draw ings of joints should be showi^to a large 
scale. Indeed, in order to avoid draughtsmanship which is 
beyond the capacity of the students or their instruments, it 
may*be desirable to “break the elevation, of^a sash Min 
order to get the essential features to a sufficiently large scale 
in the first instance. As in Machine Construction, the session’s 
Miork should be represented by ten or a dozen neat sheets of 
drawings, and by a*notc-btK)k with sjytchcs ifhd descriptions 
which supplement them. 
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CHAPTER XIII 


*■ 

THE TRATNINO OF THE TECHNICAL TEACHEi;,, 

» 

The title at the heac^ of this chapter states a problam whicl 
•is becoming of greater and greater importance. Ev^ry tyea 
sees an aildition to the difliciiltics which 'Technical School 
have to face. 'Phe growth of scientific knowledge and jthi 
increasing snb-di vision of industry render the task* of pA)vidiiTg 
(Vdequate training for those who can only devote a limited time 
1o study one of greater and greater difficulty. The teacher !s 
called upon* to exercise a profounder judgmelit as to what shall 
and wKat shall not be included, and ingenuity is taxed to 
find the most cfticient and economical method of achieving a 
desired result. Some indication of the variety of types of men 
who are at the service of the Teclinical Sc\|,()ol has been given 
in Chapter III. The staff, moreover, is consUntly changing. 
The older men are dropping out owing either to age or to industrial 
or professional claims, and their place 'is taken by young men 
who, prior to their appointment, have thought little about the 
duty they# will have to discharge. The disiwtrous effect is easy 
to realize whether teaching is reganled wholly as an art or is 
acknowledged to have a scientific basis. For every art is more 
roadily acquired when the young workman is first showif how 
to use his tools, and ever}' seience demands some preliminwy 
study of phenomena, materials, and processes. 

It will be desirable to glance briefly at the provision whijfh 
has hitherto bben ma^p for training technical teachers in this 
country. For many years the Science and Art Department 
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award^ ^Udentahips teachers and intending teachers vho 
were able to ddvot^a whole year to study at the Royal Colleges 
.of ^iei^e in London and Dublin. Orants-in-aid \scre also 
mfwie to teachers who.uncjejjook to attend for not less than luo 
da^^s a week at certain Vniversities and rniversity Colleges. 
Til Jhis way ^.dumber of teachers obtained instnietion whii'h 
thej would otherwise have lacked Th(‘v lia<l the advantage 
of attending lectures by di.stingui.slied nu‘n, and of working in 
|Well-eqmpped laboratories. They freipieiitK look hoino the 
inatrumejat-s they had made, and used tl^Mii (‘fTe< tively in their 
classes. ^ But beyond obtaining fxjieiience id the methods of* 
teaching oldes stuUents who had aeipiired the nuliinenls of a 
subject, they •brought away no hint which would lie of \alue.^ 
Certainly th^y received no UKsistaiu'c in breaking new ground 
• with beginners. ^ 

* The establishment of preliminary courses in evening sidiools 
nocesgitated the adoption of s))eeial met IkkIs— more ^lartieularly 
in Practical Mathema\jqs— and since 1002 scncmI LoeaNMluea* 
tion Authorities ha^’c instituk'd* courses in which, the main 
object was to train teachers for this woik. 'rhe\ ha\(‘ been 
held during the wjhter months and in short summer courses. 
Those who attended were gencrall> engaged in elemi'iitiiry 
schools, and the method adopted was to woik through exereises 
of the kind which would* be given subsequently to their students. 

This involved some hint as to t4ie order of tieatment and the 

» 

method of presentation. At the same time the domnant aim 
was an increase in the teacher’.s own knowledge of and skill m 
his subject rather than the establishment of method on a sound 
scierftific basis ; the classes were attended bv, teachers wjio 
hild already received some professional training, and they left 
the special problem of the training of the Technical Teacher 
untouched. 

The enormous spread irf scientific J;raining*and the lavish 
provision of scholarships in recent years have largely obviated 
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the nec^ssit^ for the plan first outlin^. ^There is* now very 
little difficulty in securing men whose academic (pialifioations 
in the subjects they are required to feaoh are, on the whole,, 
satisfactory. Perhaps some ex(teptien «hould be ma4e in 
regard to Mining, but in a general 'way it lhay be said 
what is often lacking is general education rather* than gpecial 
knowledge. At any rate, it will simplify what follows if it is 
assumed that there is a sufficiency of men whose knowledge of 
their subject is well above the standard to which theyjiave to< 
teach. « • 

It may be supposed that every one knows there are good and 
bad teachers, and that many improve very eonciderably yith 
practice. This is the case with every art when^ it is juraned 
cdliscicivtiously and thoughtfully. A man who does' not improve 
ifi either careless or incapable of thinking. But it is obvious 
that as things arc a teacher is left to imjirovc or not according to 
chance. Ho is appointed as a raw hand, in fear and treinbling, 
and a f^rv^nt })rayor that he may turn out all right is bre^S^hed by 
those who ‘select him. If ho is successful, well and good. Tlie 
august body who perceived his innate and untried excellence 
congratulate, themselves. But if he should fail, a successor is 
looked for. It is of no consequence that such a man, placed 
for a session under the supervision of an experienced teacher, 
might have been a brilliant success. Tfiere is no machinery for 
an apprenticeship of this kin(}. * The arrangement of a scheme of 
instructioif'to occupy some thirty lessons, the A^ay in which each 
portion of the subject should^ be approached, the relation of 
laboratory work, drawing, or workshop practice, to theoretical 
teaching, ^>he position of his subject in the curriculum ot the 
school, the function of home-work— all these are matters which 
he is supposed to have acquired with his milk-teeth or in his sub- 
sequent career as a student, when his business was not teach- 
ing but learning* Surely ^i];iething Aiould be done, if not for his 
sake, at least for that M the students committed to his care ! 
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'Again8t*thi8 it may be aigued |hat his case is only a» replica 
of that of allL other Technical Teachers. Every man who aspires 
to be a TteohnicafTeaoher, submits to this Ordeal by Fire. But 
what is the result ? How iHany teachers possess an adequate 
knowledge even of'the points enumerated in the lost paragraph ? 
^ow«i«any tellers strike the right balance between lecturing 
’ and teaching ? How many con^luct theoretical and practical 
work as though they were separate subjeots i How many regard 
drawing as an end rather than a means to an end ? How many 
set homeAvork promiscuously i there •any other profession 
jii the wide w'o^Id in the practice of which a man depends upon 
Hea^^n-bom idstinct and is allowed to ignore the accumulated 
exjerjen^e of^^is predecessors ! 

But even if it be granted that some training is desirable?, 
It piay bo urged that if all Technical Teachers have betui trained* 
in this way they ay; not comiwtent to undertake the tniining 
of those who are to carry on and improve upon tfieir aork. 
This is only partially l^e. In ajarge measure teaching is a 
Prac|>ical Art. A man may be 8ho^ul what to do and how to 
do it. He may be slywii wlu^t errors experience suggesti^tihould 
be avoided, and hotr to avoid them. And while this falls far 
short of the ideal which a professional teacher should set before 
himself, it would still be beneficial to the Teehnical Teacher. 
For though the latter works under certain disadvantages, there 
are compensations. Few evening students come to school for 
fun. They are keen. In many cases they can use a text-book. 
Matters which they do not understand in class they solve in the 
privacy of their homes, or by discussion with their companions. 
An tmi^lful teacher may hamper a student, but thi? really clevof 
yon& will succeed in spite of him. On the other hand a teacher 
who works on a correct empirical basis can smooth the way 
and turn learning from drudgery to pleasure. For the sake 
of efSciency and economy in*the public ifcrvice he ought to be 
helped to do it. 
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Of course if the matter is pressed to i^s iogicai*coiU3lusion, 
this is a very low expression of requiremenl*. the business 
of conducting beginners into new tei^tory the teacher shbuld 
possess a full and accurate condeftien of the ways in which a 
man acquires knowledge and skid. He hhould be fanpUSr 
with the conclusions of Modem Psychology, so fait as they affect^ , 
school practice. He should be acquainted with what is«known • 
as to the nature of knowledge, the mechanism of tW)ught, the • 
doctrine of apperception or association, and the phenomena o4** 
imagination and memory. Moreover, he should have read ^ 
some logic, and have acquired some facility in analj^sis, tjlassi-^ 
fication, and arrangement. If he is a teacher of Matheiyatics 
^ Or Physical Science he should have read sone of the books which 
^loal with the philosophical ba.yis, as well as with the dry bones 
* of fact and phenomena. 

But merely reading books or listening to lectures w'ill not 
make a ifian a teacher. Mathematics alone will not make a 
man an .engineer, nor Physiology a doctor. Mathendatics and 
Physiology are essential, but are useful only in so far as the^ are 
interwoven with general practice. The \^ay to learn teaching 
is to teach* He who uses the most Psychology, not he who 
knows the most, is the most effective teacher, for this amount 
represents the scientific measure of his practice. 

It will be obvious that there is no intention here to assert 
that without an intimate ftjjric of academic theory and practice 
a man bannot teach. Experience in a pVactical art always 
counts for much. Many men have a sound knowledge of their 
subject, an inspiring manner, a habit of cle^r expression. They 
are intejested in their work, sympathetic with and observant of 
their students, quick to appreciate difficulties of comprehension, 
and ready to devise new ways of presentation whenever the need 
arises. In time they acquire methods which are educationally 
sound, and which they aje able^to defend from the facts and 
phenomena of experience. If such men were required to 
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systematize 4nd expjain their knowledge of method the}; would 
use in eveiy^crfse in which they were correct a nomenclature 
wHidh, if.not exactly thef same, would correspond very closely 
to the language of Psyehology.* To that extent is the statement 
tfhe^that Psychology enablos a man to sUte familiar know ledge 
in’ ai; unfami^aj 'tongue. But tjie profc-ssional Psyehologist is 
probabjy a greater adei)t at terminology than the amateur. 

Howev^y, this standard of j>erfection is rare, and tho«great 
jnajority^of untrained (with many trained) teachers incorj)oratc 
into theii> practice much that they woijd omit if they had 
a fuller j^cquaintaiice with mentiil science. Tiicy and Ihcir 
students arc continually meeting with ilillicultics, the real naturc 
of which is notVeognized. The .subject is hard, or the studonTfrs 
are* sfupid ; ^lic conscientious teiw.her is discouraged, and thft 
other sort has emotions which arc not worth discussing. • 
*To come now' to practical details. The main raMunmendation 
is that^oung men *\ho j)Ohse.ss the nect‘.s.sarv iiersomri qualities 
should hAve the pri\ilqge of conducting one or more classes 
for a year under the supervision of (‘xperienced 4ca(*hcrs. 
Incidentally they would learn something of organizatiim, and 
they would receive, criticism and ad\ice in tJic j)rcparation, 
delivery, or management of lessons. They would have some 
one to consult in ca.se of difliculty, would make consci<jus jiro- 
gress, acquire confidence, find develoj) j)rofe.s.sional zeal. But in 
addition to this, they ought to hav^ some .sy.steniatic instniction 
in the general princ^les of teiiching and in their apjihciftion to a 
particular group <if .subjects. This could b(‘ given either during 
the winter or in a short summer eoursi* 

In *view, however, of the highly specialized ^harpeter ol 
Tecltnioai Teaching, no one town could jinividc a suflicient 
number of students to justify a sepaiate class of this kind, 
and. it would be necessary to fix centres which would serve a 
wide area. 

• • • 

The chief difficulty, of course, is to fiiitl teachers for this 
171 



TECHNICAL SCHOOL OEQAl^ZATlON XnI> TEACHING* 

theoretical training. Most, if not all, Teqhnioal Teachers tveat 
the matter from the point of view of the«gub}eo}, and fail to 
recognize the mental idiosyncrasies of the student atdsU. Ilten 
who understand the theory of tebehing ordinary school subjects 
are ignorant of technical subjects ; cAmpctentTechnical Tea^hdl^ 
are still frankly empirical. If the empiricist oi^ly proj^ated ^ 
sound maxims one could forgive him, but the greater the number* 
of those merely increases the danger of authoritative ,error. At. 
first sight there appears to be a p^issible solution. T^iat is foj^** 
certain men with technical knowledge to undergo a) course of 
training in the Theory and Practice of Teaching. But** Logic 
and Psychology arc not Teaching, though necessary to it, ancf ' 

< ‘’^iioy are only of value in so far as they are incorporat^id in 
Practice. Experience with trained tcacliers shows that fhis 
‘takes time, and the old and the new would not coalesce 
imiiKxliately. Nothing can be worse than ill-digested academic > 
Psychologf^’ as a basis of teaching. It is recognized that Pure 
Mathematics is meat for few' and j)ois€-i> to many. In the same 
way w'ht^e one Technical Teacher would profit from Psychology 
ten would derive greater benefit from a model. And if such 
models can be not only free from serious error, but can be accom- 
panied by such explanation as will enable the young teacher 
to distinguish good from bail, and the why and wherefore, they 
will achieve a useful purpose. 

While this last considerjitibn has determined in large measure 
the char&cter of this volume, it is recognized that some teachers 
may wish to go to the fountain-head, and it may be useful to 
close this chapter with the titles of a few books which may be 
studied .with profit. 

Probably the most suitable work on Psychology is that by 
William James. The briefer course will be found sufficient. 
The close association between the physical and mental life wljjoh 
pervades James’s boo^s will appeal to & man who has had a 
scientific rather thaiT a philosophical training. For those who 
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Ml eisidr boob the same au|hor*s “ Talks to Teachers ” 
would prove ipterestihg. Both these volumes present the subject 
from an introspective poiil,t of view, and in that respect differ 
considerably from thosb by -wnters of the Herbartian school, 
wfios^ methods are synthetical rather than analytical. Of these 
perha^% Profei^or Adams’s “ Herbartian Psychology applied to 
'Education ” is the most suitable, })ut no man without a sense 
humou» should attempt to read it. The book bristles with 
aiories and anecdotes, which float in a matrix of none too easy 
jphilosophiftil discussion. Its conchisions .iro incidental rather 
than iffoniinent.,and it is as much unlike a dry text-book as it 
well q^n be. None of these book.s contain a stiitement of the 
four (or five) s^ep method of teaching. A short outline is oon^ 
tamed in Kaymont’s “ The Principles of FMucation,” and a* 
fbirly full illustration of its application to History and Pure • 
Geometry in Findlay^'s “ Principles of (’lass Teiwhing.” 

Another invaluable book is Welton’s “ fjogieal ‘Bases of 
Education*” and no teaelR*r could {ail to ben»fit from reading 
and reflecting upon the nature of knowle<lg(‘, and the* various 
types of reasoning, wl^eh are iHustrated by a wealth of cxjyijpleK, 
selected from a wide* field. , 

Turning from general principles to special method, we have 
to acknowledge an oxtraortlinary scarcity. Almost the only 
subject which has been treated from the psychological as well 
as from the subject standixnnt iH*Abitheniatics. Here Dewey 
and M‘Lellan’8 ‘‘ Psychology of Number ' is an infejresting 
though rather difiicult book. As^the name implies, it deals 
with number almo.st« entirely, and leaves largely untouched the 
wider field of Mathematics. 8tili it is systematic ^nd^sugges-' 
tive.* Branford’s “The Study of Mathematical Education ” is ' 
more recent and extremely suggestive book of much wider 
800 ]^. It is in places unsystematic, but it represents the best 
and far the most scholarly af^empt )^itb*which the author is 
acquainted to develop on a scientific basis tile theory of teaching 
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the H\i1)ject. It should be » understood that, neitHhr ©f these 
books have in mind the special needs of technical students, 
which have been dealt with in a mor« empirical way tn Perry’ll 
“ The Teaching of Practical MathftnAticS.” The value and the 
limitations of Perry’s views are, hWever, much clearer w^pn 
they are studied in connectiOii with the two "IVjoks t(h ^hicl^ 4 
reference has been made. Probably no subject has suffered* 
more in recent years from misinterpretation thaif Practical* 
Mathematics. • 

The teacher of ’Mechanics and Mathematics needs somcn 
knowledge of the ])hilosoj)hieal foundations of Hs subject if h^ 
is to avoid the many pitfalls that arc insepa|l*ablc from the 
''"Violent changes of scope and method which arc now in.nrpgress. 
One of the most delightful books that was ever written is Clifford’s 
“Common Sense of the Exact Sciences/’ and it ought to^bo’ 
on every teacher's bookshelf. Similarly Mach’s “ Mechanics 
is suggestive and stimulating, and Karl Pearson’s “ dammar 
of Science” should Ik' added. The'’iist might be extended 
considerably without a corresponding increase in value. But 
the tej'cher who wishes continuallv to improve the method and 
effcctivcuc.'.s of his teaching should realize' that much depends 
upon the breadth of his own reading and the depth of his own 
thought. 

After all no one can be taught how to teach ; he can only 
be ])laced in the way of making himself a tcivcher. It is practice 
combined with knowlwlge of, and reflection upon, what others 
have done, a frank and generous comparison of his own and 
other people’s methods, sympathy with his pupils, and a 
Icnow ledge or their interests, their difficulties, and their aspira- 
tions— these alone will enable him to achieve success in the 
noblest and most inspiring profession that fulls to the lot of man. 
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’ « t * 

1. Wrfte out a list, in proper teaching order, of typical 
examples which you wduld* u^ for a first-year eliiss of Machine 
Failing Students who wcrfc engaged in either— 

(a) A wotf 8* ftianufac luring lj>draulic niJK'hinerv. 

(i)*A works engaged in constructive work, bridge building, 
* etc. 


(c) A ^larine engine works. 

(d) At gas engine works. 

(c) A^nsw'hiric tool works 

(/> A^textile niachincry worLs 
(f/) A ecntry.1 ek*ctnc power station. 

(A) A steel Wk'orks , or 

Ai\ agg^ulturc imjileinent oi engine woiks. 

2. In the particular industry selected in Question 1 elioosi’ one 

type of construction and give a list of other siniilur details * 
whith you would discuss in a section in order to widen the 
students’ knowledge.* • 

3. At \^hat stage or sta^jes in > our scheme would \ ou introduce 

forging ? . • • 

4, .At what stage or stages in >our scheme woul<l \ou discuss 
moulding ? ^ ^ • . 

5. Why arc modeUi or actual specimens necessary i]i teui hiiig 
Machine Construction or Building Construction ^ 

0. What are the advantages of cx]>enmeiital woik by the 


students themselves ? . 

7. A teivcher proposes to deal with the ela.sticit.v of a gas. 

He starts by writing “ Boyle’s Law ^ o*i tlie bhwkboard Is this 
wrong ? If 80, why*f * 

8 . What 18 the difference between w«>nls and knowledge i 
•Should the words or the knowledgeV-ome fiist ' 

• 9. C^impare the lelson on Porosity and Capillarity on page 
with one in which the teacher .starts with the imincrsiftn of a 
narroir tube in water. Why is the latter method wrong, and in 
what respects will it probably be a failuiv ? 

10. What is the purpose of the Dniwing in Machine (km- 

struction and Drawing 4 * 

11. Under what circumstances ft Caborntorj' work un- 
necessary ? 
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12. ^ teacher commeucing the study of Meohayio8^wit)i a 
olass began with statics, anft used os au exaiupfe two fbroes 
acting at right angles on a billiard balL Wfiy was^his wrong,? 

13. In the lesson of Question 12 one of the students-^n adult 

artisan — asked if the two force«> could be taken as .acting 
along the arms of a governor, c What Was this studynifs 
difficulty ? Why was the teacher wrong to' No and to 
continue his own method ? • • # 

14. Why is it foolish to sclTan elementary olass to determine 

areas by weighing ? t ^ • 

I."). Draw up notes of a lesson on the elasticity ot solids. ** 

16. Why is it UHnecessary to specify the three orders of 

' lovers i * ^ * 

17. What arc the iwl vantages of doing bolid* (jcomolry aiuh 

^1^'igonomctry side by side ? , • 

^ 18. What arc the advantages of starting wHh Iv^rijjjibntttl 

projection in Solid Geometry ? 

•' 10. How would you introduce the Co-ordinate Geometry ot 

the straight line i • 

20. Giyo illustrations from any subjec'w you teach, of the 

wayrui which you prepare the ground for the recoption*of new 
knowledge. , ' * 

21. ^ teacher of Practical Mathematics once complained 
that ]\js students wore slow in multiplymg and dividing, and 
uncertain in fixing the decimal point. To remedy this he set 
them to lueasure up and calculate the surface and volume of 
wooden blocks. Explain— 

(u) What particular value the practice of measuring up 
and calculating area and volume has ; 

(6) How the defect s^otild have been remedied. 

22. Draw up a lesson on the water-gauge for a class of coal- 
miners. 

23. What arc the disaif vantages of the plan of teaching 

Applied Mechanics and Heat Engines in alternate lessons ? • 

‘ 24. Wha'v arc the disadvantages of teaching Practioal^athe- 

matios and certain parts of Geometry separately ? 

25. Draw up notes for a series of lessons or section dealing 
with Specific Gravity. 

26. What experimental exercises wpuld you include & a 
section devoted to acceleration, and in what order should they 
be performed ? 
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* Wllapli use would you in^ke of models in a *Building 
Ooune ? ^yh&t models do you consider indispensable t 
* «28. ^ teacher found, tn an elementary class, that his students 
were unable to give jiim^ a^deiinition of the circle as a figure 
l^ounded by a locys ; so he set them to draw circles and ellipses 
with a loop of t|jread and pins. They afterwards rctwlily statcil 
thatitjie circle was a curve in which every point was c<iuidistant 
from » given fixed point. ^ 

What was their original dilliculty, and in what way did the 
teacher’s plan help them ^ 

* 29. Mathematics teacher. — State the malhomatical operation 
in whiclf you desire your stiKlcnt# to hafe practice in, say, the 
soveitth«week ^)f the session. 

30. Mechaaics teacher. — Write out lour (piestions wliicli will 
give* the maUhematical practice rccpiircd in above (jue8tl?!ff^ 
and wttch w"fll be appropriate to the stage of progress reachtd 
in your class. , 

,31- Machine Construction teacher — At an early stage in the 
session the teivche^of mathematics proposi's to deal with the 
mid-o§linato nilo for the area of iiTcgular figures* (,'an you 
supply him with prob||D 4 iis which have «irisen in the Machine 
Drawing class, and which will serv? as a .starting jxunt#^ 

ttive two or three examples if you can 

32. Write out a^irst-year coursi* in (hemistry suitftblc for 
students who arc engaged in alkali and copjK'r works. 

33. Write out a lirst-ycar course in ('hemistry suitalile for 
young men engaged in iron and Ht(*cl works. 

34. What steps would^ou take to ilcvelop the pow er of taking 
notes (a) in the classroom, (6) in, the laboratory ' 

35. Some .students are much quk^er in DrlS^ikig anjji Labora- 
tory work than otlfers. How' do you meet this difficulty without 
having recourse to individual leaching '' 

36. The teacher of a class in Mfchamcs has only one piece of 

* apparatus for a certain cx|>eriment. Should he Jet each pair 
of i^udents use it in turns, or should he make it the subject of 
a demonstration ? Discuss the pros and cons. 

37. A first-year class in Applied Mechanics had only done 
about seven experiments each in four months. Is this sufficient ? 

38. The explanation of the result in the lost qliestion is that 
the students have been thrown*upon tSeir oi> n resources. Discuss 
the advisability of this. 
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39. Building ConBtructioi% teacher.— Stbte the geonetiloal 
oonHntotions 'which you wotdd like to acoompahy.the first ten 
lessons of your Building class. 

40. Building Construction teac^e];. —•State the geometrical 
constructions you would like your students < 4 ) know— ’ * , 

{a) In the first year. 

( 6 ) In the second year. , ^ ^ 

41. Building Construction |eacher. — In the two foiegoing « 

questions suggest examples which the teacher of peometry , 
might use. « 

42. Draw up notes of a section in Mechanics for*Builders* 

• dealing with lifting appliances. • 

43. What are the disadvantages of lantern slides in l^hmg 

44. The preface to a book on Practical Wtkematics draws 
^ /‘'Mention to the fact that Mathematics was origiifally a practical 

art, and that when man had leisure he pursued it as*hn intSllAotval 
pleasure. It then goes on to suggest that the evening student just 
joining the Technical School is similarly placed to the unemaqpi*' 
pated savage. Discuss this. , 

45. Draw up a first-year course in Chemistry suitid>l 6 for 
students engaged in bleaching, dyeing, .apd calico piintkig works. 

46. Draw up notes on a section dea&ing with electrolytic 
dissociation showing clearly the steps of preparation, presenta- 
tion, formulation, and application. < 

47. Drwv up a short course of electricity 'leading to the above 
question. 

48. Should the electrolytic decomposition of water ever be 
used as a proof of the composition of water ? Why not ? 

49. Draw up a short course on the Chemistry of Fuel and 
Combustion t(v^delivered in the summer term to Engineering 
students who have done the ordinary first or ^second year course 
(T,j or T4). 

50. Draw up notes of a Section on Ventilation for BuilderB. 

What would j'^ou expect them to know beforehand ? Set three* 
numeric^ exercises to follow as homework. ^ 

61. Why does an explanation of limit gauges belong to the 
Machine Construction teaching rather than to that in Applied 
Mechanics ? 
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